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EVERY  work  that  tends  to  enlarge 
the  boundaries  of  fcience,  has  a 
peculiar  claim  to  the  proteftion  of  Kings. 
He  that  diffufes  fcience,  civilizes  man, 
opens  the  inlets  to  his  happinefs,  and 
co-operates  with  the  Fountain  and  Source 


vi  DEDICATION. 

of  all  knowledge.  By  fcience  truth  is 
advanced;  and  of  Divine  Truth  Kings- 
are  the  reprefentatives* 


The  work  which  I have  now  the  honour 
to  prefent  to  YOUR  MAJESTY,-  calls  the 
attention  of  the  reader  to  thofe  laws  of 
Divine  order  by  which  the  univerfe  is 
governed  and  fupported : in  it  we  find 
that  the  minuteft  beings  fhare  in  the  pro- 
teftion,  and  triumph  in  the  bounty  of  the 
Sovereign  of  all  things : that  the  infinitely 
fmall  manifefl  to  the  aftonifhed  eye  the 
fame  proportion,  regularity,  and  defign, 
which  are  confpicuous  to  the  unafiifted 
fight  in  the  larger  parts  of  creation.  By 
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finding  all  things  formed  in  beauty,  and 
produced  for  ufe,  the  mind  is  raifed  from 
the  fleeting  and  evanefcent  appearances  of 
matter  to  contemplate  the  permanent  prin- 
ciples of  truth,  and  acknowledge  that  the 
whole  proceeds  from  the  wifdom  that 
originates  in  love. 

It  was  by  YOUR  MAJESTY’S  goodnefs 
and  gracious  patronage  that  I was  firft  indu- 
ced to  undertake  a defcription  of  mathema- 
tical and  philofophical  inftruments,  that  I 
might  thereby  facilitate  the  attainment  of 
thofe  fciences  that  are  connefted  with  them, 
and  bv  fhewin^  what  was  already  obtained* 
excite  emulation,  and  quicken  invention. 
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It  is  to  the  fame  goodnefs  that  I am 
indebted  for  this  opportunity  of  fubfcribing 
myfelf, 

S I R, 

YOUR  MAJESTY'S 

Moft  humble, 

Moft  obedient, 

and  moft  dutiful 

Subject  and  Servant, 


GEORGE  ADAMS. 


PREFACE. 


IN  the  preface  to  my  Essays  on  Electricity  and 
Magnetism,  I informed  the  public  that  it  was  my 
intention  to  publifh,  from  time  to  time,  effays  defcribing  the  com 
ftruftion  and  explaining  the  ufe  of  mathematical  and  philofophi- 
cal  inllruments,  in  their  prefent  Rate  of  improvement.  This 
work  will,  I hope,  be  confidered  as  a performance  of  my  promife, 
fo  far  as  relates  to  the  fubjeft  here  treated  of. 

The  firft  chapter  contains  a fhort  hiflory  of  the  invention  and 
improvements  that  have  been  made  on  the  microfcope,  and 
Father  Torres  method  of  making  his  celebrated  glafs  globules. 
The  fecond  treats  of  vifion,  in  which  I have  endeavoured  to  ex- 
plain, in  a familiar  manner,  the  reafon  of  thofe  advantages  which 
are  obtained  by  the  ufe  of  magnifying  lenfes  ; but  as  the  reader  is 
fuppofed  to  be  unacquainted  with  the  elements  of  this  fcience,  fo 
many  intermediate  ideas  have  been  neceflarily  omitted,  as  mult 
in  fome  degree  lelfen  the  Crnce,  and  weaken  the  perception  of  the 
truths  intended  to  be  inculcated : to  have  given  thefe  would  have 
required  a treatife  on  optics. 
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In  the  third  chapter,  the  mod  improved  microfcopes,  and  home 
others  which  are  in  general  ufe,  are  particularly  defcribed ; no 
pains  have  been  fpared  to  leffen  the  difficulty  of  obfervation,  and 
remove  obfcurity  from  defcription  ; the  relative  advantages  of 
each  indrument  are  briefly  pointed  out,  to  enable  the  reader  to 
feleff  that  which  is  bed  adapted  to  his  purfuits.  The  method  of 
preparing  different  objefts  for  obfervation,  and  the  cautions 
neceffary  to  be  obferved  in  the  ufe  of  the  microfcope,  are  the 
fubjeft  of  the  fourth  chapter. 

When  I fird  undertook  the  prefent  effays,  I had  confined  my- 
felf  to  a re-publication  of  my  fathers  work,  entitled,  Microgia- 
phia  Illudrata;  but  I foon  found  that  both  his  and  Mr.  Baker’s 
tracts  on  the  microfcope  were  very  imperfeCL  Natural  hidory 
had  not  been  fo  much  cultivated  at  the  period  when  they  wrote^ 
as  it  is  in  the  prefent  day.  To  the  want  of  that  information 
which  is  now  eafily  obtained,  we  may,  with  propriety,  impute 
their  errors  and  imperfections.  I have  endeavoured  to  remedy 
their  defeCts,  by  arranging  the  fubjeCts  in  fydematic  order,  and. 
by  introducing  the  microfcopic  reader  to  the  fyftem  of  Linnaeus, 
as  far  as  relates  to  infefls  : by  this  he  will  learn  to  difcriminate 
one  infedt  from  another,  to  charadlerize  their  different  parts,  and 
thus  be  better  enabled  to  convey  indruCtion  to  others,  and  to 
avoid  error  himfelf 

As  the  transformations  which  infeCts  undergo,  conditute  a prin*- 
cipal  branch  of  their  hidory,  and  furnifh  many  objeffs  for 
the  microfcope,  I have  given  a very  ample  defcription  of  them ; 
the  more  fo,  as  many  microfcopic  writers,  by  not  confidering 
thefe  changes  with  attention,  have  fallen  into  a variety  of  midakes. 
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Here  I intended  to  flop  ; but  die  charms  of  natural  hiflory  are  fo 
feducing,  that  I was  led  on  to  defcribe  the  peculiar  and 
finking  marks  in  the  ceconomy  of  thefe  little  creatures.  And 
fliould  the  purchafer  of  thefe  elfays  receive  as  much  pleafure  in 
reading  this  part  as  I did  in  compiling  it ; fhould  it  induce  him 
to  ftudy  this  branch  of  nature ; nay,  fhould  it  only  lead  him  to 
read  the  llupendous  work  of  the  moll  excellent  Swammerdam, 
he  will  have  no  reafon  to  regret  his  purchafe,  and  one  of  my 
warmell  wilhes  in  compiling  it  will  be  gratified. 

In  the  next  chapter  I have  endeavoured  to  give  the  reader  fome 
idea  of  Mr.  Lyonet’s  “ anatomical  and  microfcopical  defcription 
of  the  coffus,  or  caterpillar  of  the  willow.”  As  this  book  is  but 
little  known  in  our  country,  I thought  that  a fpecimen  of  the  in- 
defatigable labour  of  this  patient  and  humane  anatomill  would  be 
acceptable  to  all  lovers  of  the  microfcope  ; and  I have,  therefore, 
appropriated  a plate,  which,  while  it  {hews  what  may  be  effedled 
when  microscopic  obfervation  is  accompanied  by  patience  and 
iirduflry,  difplays  alfo  the  wonderful  organization  of  this  infe6f. 
This  is  followed  by  a defcription  of  many  mifcellaneous  obje£ls ; 
objects,  of  which  no  idea  could  be  formed  without  the  affiflanee 
-of  glafles. 

To  defcribe  the  frefh -water  polype,  or  hydra  ; to  give  a fhort 
biflory  of  the  difcovery  of  thefe  curious  animals,  and  fome  ac- 
count of  their  hngular  properties,  is  the  bufmefs  of  the  fucceed- 
ing  chapter.  The  properties  of  thefe  animals  are  fo  extraordinary, 
that  they  were  confidered  at  firfl  to  be  as  contrary  to  the  common 
courfe  of  nature,  as  they  really  were  to  the  received  opinions  of 
animal  life.  Indeed,  who  can  even  now.  contemplate,  without 
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aflonifhment,  animals  that  multiply  by  flips  and  flioots  like  a 
plant,  that  may  be  grafted  together  as  one  tree  to  another,  that 
may  be  turned  in  fide  out  like  a glove,  and  yet  live,  aft,  and  per- 
form all  the  various  funftions  of  their  little  fpheres.  As  nearly 
allied  to  thefe,  the  chapter  finifhes  with  an  account  of  thofe  vor- 
ticellas  which  have  been  enumerated  by  Linnaeus.  It  has  been  my 
endeavour  to  diffipate  confufion,  by  the  introduftion  of  order,  to 
difpofe  into  method,  and  fele£I  under  proper  heads  the  fubflance 
of  all  that  is  known  relative  to  thefe  little  creatures,  and  in  the 
compafs  of  a few  pages  to  give  the  reader  the  information  that  is 
dilperfed  through  volumes. 

From  the  hydrae  and  vorticellae  it  was  natural  to  proceed  to  the 
animalcula  which  are  to  be  found  in  vegetable  infufions. 
Microfcopic  beings,  that  feem  as  it  were  to  border  on  the  infinitely 
fmall,  that  leave  no  fpace  defiitute  of  inhabitants,  and  are  of 
greater  importance  in  the  immenfe  fcale  of  beings  than  our  con- 
trafted  imagination  can  conceive,  yet  fmall  as  they  are,  each  of 
them  poffeffes  all  that  beauty  and  proportion  of  organized  texture 
which  is  neceffary  to  it’s  well  being,  and  fuited  to  the  happinefs  it 
is  called  forth  to  enjoy.  I have  pointed  out  the  decided 
charafters  which  fix  them  in  the  fcale  of  animal  life,  eharafters 
that  it  is  prefumed  are  a full  confutation  of  the  fanciful  th  >ries  of 
Needham  and  Buffon.  A fiiort  account  of  three  hundred  and 
feventy-nme  of  thefe  minute  beings  is  then  given,  agreeable  to  the 
fyftem  of  the  laborious  Muller,*  enlarging  confiderably  his  def- 
cription  of  thofe  animalcula  that  are  moft  eafily  met  with,  better 
known,  and  confecpaently  hnore  interefling  to  the  generality  of 
readers.. 

The 
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The  conftru&ion  of  timber,  and  the  difpofition  of  it’s  com- 
ponent parts,  as  feen  by  the  microfcope,  is  the  fubjefl  of  the  next 
chapter;  a fubjeft  confefledly  obfcure.  With  what  degree  of 
fuccefs  this  attempt  has  been  profecuted,  mult  be  left  to  the 
judgment  of  the  reader.  The  befl  treatife  on  this  part  of  vegeta- 
tion is  that  of  Mr.  Duhamel  du  Monceaus  “ fur  la  Phylique  des 
Arbres.”  If  either  my  time,  or  fituation  in  life,  would  have  per- 
mitted it,  I Ihouid  have  followed  his  plan  ; but  being  confined  to 
bufinefs,  and  to  London,  I can  only  recommend  it  to  thofe 
lovers  of  the  works  of  the  Almighty,  who  live  in  the  country,  to 
purfue  this  important  branch  of  natural  hiftory.  There  is  no 
doubt  but  that  new  views  of  the  operations  in  nature,  and  of  the 
wifdom  with  which  all  tilings  are  contrived,  would  amply  repay 
the  labour  of  inveftigatiom  Every  part  of  the  vegetable  king- 
dom is  rich  in  microfcopic  beauties,  from  the  ftatelieft  tree  of  the 
foreft,  from  the  cedar  of  Lebanon,  to.  the  lowlieft  mofs,  and  the 
hyffop  that  fpringeth  out  of  the  wall,  all  confpiring  to  fay  how 
much  is  hid  from  the  natural  fight  of  man,  how  little  can  be 
known  till  it  receives  afhflance,  and  is  benefited  by  adventitious 
aid. 

From  the  wonderful  organization  of  animals,  and  the  curious 
texture  of  vegetables,  we  proceed  to  the  mineral  kingdom,  and 
take  a curfory  view  of  the  configuration  of  falts  and  faline  fub- 
flances,  exhibiting  a few  fpecimens  of  the  beautiful  order  in 
which  they  arrange  themfelves  under  the  eye,  after  having  been 
feparated  by  dilfolution : every  fpecies  working  as  it  were  upon 
a different  plan,  and  producing  cubes,  pyramids,  hexagons,  or 
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fome  other  figure  peculiar  to  itfelf,  with  a conhant  regularity 
amidft  boundlefs  variety. 

t , > p | , 

Though  all  nature  teems  with  objedls  for  the  microfcopic  ob- 
ferver,  yet  fuch  is  the  indolence  of  the  human  mind,  or  fuch  it’s 
inattention  to  what  is  obvious,  that  among  the  purchafers  of  mi- 
crofcopes  many  have  complained  that  they  knew  not  what  fub- 
jefts  to  apply  to  their  inhrument,  or  where  to  find  objedls  for 
examination.  To  obviate  this  complaint,  a catalogue  is  here 
given,  which  is  interfperfed  with  the  defcription  of  a few  infers, 
and  other  objects,  which  could  not  be  conveniently  introduced  in 
the  foregoing  chapters.  By  this  catalogue  it  is  hoped  that  the 
ufe  of  the  microlcope  will  be  extended,  and  the  path  of  obferva- 
tion  facilitated. 

To  avoid  the  faftidious  parade  of  quotation,  and  the  charge  of 
plagiarifm,  I have  fubjoined  to  this  preface  a lifl  of  the  authors 
I have  confulted.  As  my  extradts  were  made  at  very  dillant 
periods,  it  would  have  been  impoflible  for  me  to  remember  to 
whom  I was  indebted  for  every  new  fa£l,  or  ingenious  obferva- 
tion.  It  may,  however,  be  necelfary  to  inform  the  reader,  that 
Mr.  Marfham  gave  me  the  Linnaean  names  for  the  infedls  which 
are  defcribed  in  this  work. 

The  plates  were  drawn  and  engraved  with  a view  to  be  folded 
up  with  the  work  ; but  as  it  is  the  opinion  of  many  of  my  friends 
that  they  would,  by  this  means,  be  materially  injured,  I have 
beenadvifed  to  have  them  hitched  in  hrongblue  paper,  and  leave 
it  to  the  jimrchafer  to  difpofe  of  them  to  his  own  mind. 
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ESSAYS 

ON  THE 

MICROSCOPE. 


CHAP.  I. 

A Concise  History  of  the  Invention  and  Improve- 
ments WHICH  HAVE  BEEN  MADE  UPON  THE  INSTRUMENT 

called  a Microscope. 


T T is  generally  fuppofed,  that  microfcopes  were  invented 
-*■  about  the  year  1680,  a period  fruitful  in  difcoveries,  a time 
when  the  mind  began  to  emancipate  itfelf  from  thofe  errors  and 
prejudices  by  which  it  had  been  too  long  enllaved,  to  affert  its 
rights,  extend  it’s  powers,  and  follow  the  paths  which  lead  to 
truth.  The  honor  of  the  invention  is  claimed  by  the  Italians 
and  the  Dutch;  the  name  of  the  inventor,  however,  is  loft; 
probably  the  difcovery  did  not  at  firft  appear  fufficiently  im- 
portant, to  engage  the  attention  of  thofe  men,  who,  by  their 
reputation  in  fcience,  were  able  to  eftablilh  an  opinion  of  it’s 

A merit 


2 Microscopical  Essays. 

merit  with  the  reft  of  the  world,  and  hand  down  the  name  of 
the  inventor  to  fucceeding  ages.  Men  of  great  literary  abilities 
are  too  apt  to  defpife  the  firft  dawnings  of  invention,  not  con- 
fidering  that  all  real  knowledge  is  progreftive,  and  that  what 
they  deem  trifling  may  be  the  firft  and  neceiTary  link  to  a new 
branch  of  fcience. 

The  microfcope  extends  the  boundaries  of  the  organs  of 
vifion,  enables  us  to  examine  the  ftruflure  of  plants  and  animals; 
prefents  to  the  eye  myriads  of  beings,  of  whofe  exiftence  we 
had  before  formed  no  idea.;  opens  to  the  curious  an  exhauftlefs 
fource  of  information  and  pleafure ; and  furnifties  the  philofopher 
with  an  unlimited  field  of  inveftigation.  It  leads,  to  ufe  the 
words  of  an  ingenious  writer,  to  the  difcovery  of  a thoufand 
wonders  in  the  works  of  his  hand,  who  created  ourfelves,  as  well 
as  the  objefls  of  our  admiration ; it  improves  the  faculties,  exalts 
the  comprehenfion,  and  multiplies  the  inlets  to  happinefs ; is  a 
new  fource  of  praife  to  him,  to  whom  all  we  pay  is  nothing  of 
what  we  owe ; and  while  it  pleafes  the  imagination  with  the  un- 
bounded treafures  it  offers  to  the  view,  it  tends  to  make  the 
whole  life  one  continued  a£l  of  admiration. 

It  is  not  difficult  to  fix  the  period  when  the  microfcope  firft 
began  to  be  generally  known,  and  was  ufed  for  the  purpofe  of 
examining  minute  objefts  ; for  though  we  are  ignorant  of  the 
name  of  the  firft  inventor,  we  are  acquainted  with  the  names  of 
thofe  who  introduced  it  into  public  view,  and  engaged  their 
attention  to  it,  by  exhibiting  fome  of  it’s  wonderful  effe&s. 
Zacharias  Janfens  and  his  fon  had  made  microfcopes  before  the 
year  1619,  for  in  that  year  the  ingenious  Cornelius  Drebell 
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brought  one,  which  was  made  by  them,  with  him  into  England, 
and  diewed  it  to  William  Borrell  and  others.  It  is  podible  this 
indrument  of  Drebelfs  was  not  dri&ly  what  is  now  meant  by  a 
microfcope,  but  was  rather  a kind  of  microfcopic  telefcope, 
fomsthing  fimilar  in  principle  to  that  lately  defcribed  by  Mr. 
Aepinus,  in  a letter  to  the  Academy  of  Sciences  at  Peterfburg. 
It  was  formed  of  a copper  tube  fix.  feet  long  and  one  inch 
diameter,  fupported  by  three  brafs  pillars  in  the  diape  of  dol- 
phins ; thefe  were  fixed  to  a bafe  of  ebony,  on  which  the  objects 
to  be  viewed  by  the  microfcope  were  alfo  placed.  In  contra- 
diction to  this,  Fontana,  in  a work  which  he  publifned  in  1646, 
fays,  that  he  had  made  microfcopes  in  the  year  1618:  this  may 
be  alfo  very  true,  without  derogating  from  the  merit  of  the  Jan- 
fens,  for  we  have  many  inftances  in  our  own  times  of  more  than 
one  perfon  having  executed  the  fame  contrivance,  nearly  at  the 
fame  time,  without  any  communication  from  one  to  the  other. 
In  1685,  Stelluti  publifhed  a defcription  of  the  parts  of  a bee, 
which  he  had  examined  with  a microfcope. 

If  we  confider  the  microfcope  as  an  inflrument  confiding  of 
one  lens  only,  it  is  not  at  all  improbable,  that  it  was  known  to  the 
ancients  much  fooner  than  the  lad  century,  nay,  even  in  a degree 
to  the  Greeks  and  Romans : for  it  is  certain,  that  fpeftacles  were 
in  ufe  long  before  the  above-mentioned  period : now  as  the 
glades  of  thefe  were  made  of  different  convexities,  and  confe- 
quently  of  different  magnifying  powers,  it  is  natural  to  fuppofe, 
that  fmaller  and  more  convex  lenfes  were  made,  and  applied  to 
the  examination  of  minute  obje&s.  In  this  fenfe,  there  is  alfo 
fome  ground  for  thinking  the  ancients  were  not  ignorant  of  the 
ufe  of  lenfes,  or  at  lead;  of  what  approached  nearly  to,  and  might 
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in  fome  infiances  be  fubftituted  for  them.  The  two  principal  rea- 
Ions  which  fupport  this  opinion  are,  firft,  the  minutenefs  of  fome 
ancient  pieces  of  workmanlhip,  which  are  to  be  met  with  in  the 
cabinets  of  the  curious : the  parts  of  fome  of  thefe  are  fo  fmall,. 
that  it  does  not  appear  at  p relent  how  they  could  have  been  ex- 
ecuted without  the  ufe  of  magnifying  glades,  or  of  what  ufe  they 
could  have  been  when  executed,  unlefs  they  were  in  polTeffion  of 
glaffes  to  examine  them  with.  A remarkable  piece  of  this  kind, 
a feal  with  very  minute  work,  and  which  to  the  naked  eye  appears 
very  confufed  and  indiftinff,  but  beautiful  when  examined  with  a 
proper  lens,  is  defcribed  “ Dans  l’Hiltoire  de  l’Academie  des 
Infcriptions,”  tom.  l.  p.333.  The  fecond  argument  is  founded 
on  a great  variety  of  paffages,  that  are  to  be  feen  in  the  works  of 
Jamblichus,  Pliny,  Plutarch,  Seneca,  Agellius,  Pifidias,  &c.  From 
thefe  paffages  it  is  evident  that  they  were  enabled  by  fome  inftru- 
ment,  or  other  means,  not  only  to  view  diftant  objeffs,  but  alfo  to 
magnify  fmall  ones  j for  if  this  is  not  admitted,  the  paffages  appear 
abfurd,  and  not  capable  of  having  a rational  meaning  applied  to 
them.  I fhall  only  adduce  a fhort  paffage  from  Pifidias,  a chrif- 
tian  writer  of  the  feventh  century,  Ti % \JLsXkona  ^iot  ^i07rJpd 
cru /3A £7rstgm  “ You  fee  things  future  by  a dioptrum now  we 
know  of  nothing  but  a profpeflive  glafs  or  fmall  telefcope,  where- 
by things  at  a diftance  may  be  feen  as  if  they  were  near  at  hand, 
the  circumflance  on  which  the  fimile  was  founded.  It  is  alfo 
clear,  that  they  were  acquainted  with,  and  did  make  ufe  of  that 
kind  of  microfcope,  which  is  even  at  this  day  commonly  fold  in 
our  flreets  by  the  Italian  pedlars,  namely,  a glafs  bubble  filled 
with  water.  Seneca  plainly  affirms  it,  Literes  quamvis  minutes 
et  obf cures,  per  vitream  pilam  aqua  plenum , major es  clariorefqus 
cernuntur.”  Nat.  Quaffi.  lib.  1.  cap.  7.  “ Letters,  though  minute 
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and  obfcure,  appear  larger  and  clearer  through  a glafs  bubble 
filled  with  water.”  Thole  who  wifh  to  fee  further  evidence  con- 
cerning the  knowledge  of  the  ancients  in  optics,  may  confult 
Smith’s  Optics,  Dr.  Prieftley’s  Hiftory  of  Light  and  Colours, 
the  Appendix  to  an  Elfay  on  the  firft  Principles  of  Natural 
Philofophy  by  the  Rev.  Mr.  Jones,  Dr.  Rogers’s  Differtation  on 
the  Knowledge  of  the  Ancients,  and  Mr.  Duten’s  Enquiry  into 
the  Origin  of  the  Difcoveries  attributed  to  the  moderns. 

The  hiftory  of  the  microfcope,  like  that  of  nations  and  arts,, 
has  had  it’s  brilliant  periods,  in  which  it  has  (hone  with  uncom- 
mon fplendor,  and  been  cultivated  with  extraordinary  ardour  ; 
thefe  have  been  fucceeded  by  intervals  marked  with  no  difco- 
very,  and  in  which  the  fcience  feemed  to  fade  away,  or  at  leaft 
lie  dormant,  till  fome  favorable  circumftance,  the  difcovery  of 
a new  objeft,  or  fome  new  improvement  in  the  inftruments 
of  obfervation,  awakened  the  attention  of  the  curious,  and  ani- 
mated their  refearches.  Thus,  foon  after  the  invention  of  the 
microfcope,  the  field  it  prefentcd  to  obfervation  was  cultivated  by 
men  of  the  firft  rank  in  fcience,  who  enriched  almoft  every  branch 
of  natural  hiftory,  by  the  difcoveries  they  made  with  this  in- 
ftmment : there  is  indeed  fcarce  any  objeft  fo  inconfiderable, 
that  it  has  not  fomething  to  invite  the  curious  eye  to  examine 
it ; nor  is  there  any,  which,  when  properly  examined,  will  not 
amply  repay  the  trouble  of  inveftigation. 

I (hall  firft  fpeak  of  the  single  microscope,  not  only  as  it  is 
the  moft  fimple,  but  becaufe,  as  we  have  already  obferved,  it  was 
invented  and  ufed  long  before  the  double  or  compound  micro- 
fcope. When  the  lenfes  of  the  fingle  microfcope  are  very  con- 
vex, 
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vex,  and  confequentlv  the  magnifying  power  very  great,  the 
field  of  view  is  fo  fmall,  and  it  is  fo  difficult  to  adjult  with  accu- 
racy their  focal  diftance,  that  it  requires  fome  practice  to  render 
the  ufe  thereof  familiar ; at  the  fame  time,  the  fmallnefs  of  the 
aperture  to  thefe  lenfes  has  been  found  injurious  to  the  eyes  of 
lorne  obfervers  : notwithftanding,  however,  thefe  defedls,  the 
great  magnifying  power,  as  well  as  the  diftindt  vifion  which  is 
obtained  by  the  ufe  of  a deep  fingle  lens,  more  than  counter- 
ballances  every  difficulty  and  difadvantage.  It  was  with  this  in- 
ftrument that  Leeuwenhoek  and  Swammerdam,  Lyonet  and  Ellis 
•examined  the  minima  of  nature,  laid  open  fome  of  her  hidden 
recelfes,  and  by  their  example  {Emulated  others  to  the  fame 
purfuit. 

The  conftrudffion  of  the  fingle  microfcope  is  fo  fimple,  that  it 
is  fufceptible  of  but  little  improvement,  and  has  therefore  under- 
gone but  few  alterations ; and  thefe  have  been  chiefly  confined  to 
the  mode  of  mounting  it,  or  the  additions  to  it’s  apparatus.  The 
greateft  improvement  this  inftrument  has  received,  was  made  by 
Dr.  Lieberkuhn,  about  the  year  1740;  it  confided  in  placing  the 
fmall  lens  in  the  center  of  a highly-polifhed  concave  fpeculum  of 
filter,  by  which  means  he  was  enabled  to  refleft  a ftrong  light 
upon  the  upper  furface  of  an  objeft,  and  thus  examine  it  with 
great  eafe  and  pleafure.  Before  this  contrivance,  it  was  almoft 
impoffible  to  examine  fmall  opake  obje&s  with  any  degree  of 
exadlnefs  and  fatisfadlion ; for  the  dark  fide  of  the  objedt  being 
next  the  eye,  and  alfo  overfhadowed  by  the  proximity  of 
the  inftrument,  it’s  appearance  was  neceffarily  obfeure  and 
indiftindL 
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Dr.  Lieberkuhn  adapted  a microfcope  to  every  objeft  ; they 
confided  of  a fhort  brafs  tube,  at  the  eye  end  of  which  a concave 
filver  fpeculum  was  fixed,  and  in  the  center  of  the  fpeculum  a 
magnifying  lens : the  objeft  was  placed  in  the  middle  of  the 
tube,  and  had  a fmall  adjuftment  to  regulate  it  to  the  focus ; at 
the  other  end  of  the  tube  there  was  a piano  convex  lens,  to  con- 
denfe  and  render  more  uniform  the  light  which  was  refle&ed 
from  the  mirror.  But  all  this  pains  was  not  bellowed  upon  trilling 
objects ; his  were  generally  the  molt  curious  anatomical  prepara- 
tions, a few  of  which,  with  their  microfcopes,  are  (I  believe) 
depofited  in  the  Britilh  Mufeum.  It  will  be  proper,  in  this  place, 
to  give  fome  account  of  M.  Leeuwenhoek’s  microfcopes,  which 
were  rendered  famous  throughout  all  Europe,  on  account  of  the 
numerous  difcoveries  he  had  made  with  them,  as  well  as  from  his 
afterwards  bequeathing  a part  of  them  to  the  Royal  Society. 
The  microfcopes  lie  ufed  were  all  fingle,  and  fitted  up  in  a con- 
venient fimple  manner ; each  of  them  confided  of  a very  fmall 
double  convex  lens,  let  into  a focket  between  two  plates  rivetted 
together,  and  pierced  with  a fmall  hole ; the  objett  was  placed  on 
a filver  point  or  needle,  which,  by  means  of  fcrews  adapted  for 
that  purpofe,  might  be  turned  about,  raifed  or  depreded  at  plea- 
fure,  and  thus  be  brought  nearer  to,  or  be  removed  farther  from 
the  glafs,  as  the  eye  of  the  obferver,  the  nature  of  the  objeft,  and 
the  convenient  examination  of  it’s  parts  required.  M.  Leeuwen- 
hoek fixed  his  objefts,  if  they  were  folid,  to  the  foregoing 
point  with  glue ; if  they  were  fluid,  he  fitted  them  on  a little 
plate  of  talc,  or  exceeding  thin  blown  glafs,  which  he  afterwards- 
glued  to  the  needle,  in  the  fame  manner  as  his  other  obje£Is.  The 
glades  were  all  exceeding  clear,  and  of  diderent  magnifying  pow- 
ers, which  were  proportioned  to  the  nature  of  the  object,  and 

die 


s 


m 


Microscopical  Essays. 

the  parts  defigned  to  be  examined.  But  none  of  thofe,  which 
were  prefented  to  the  Royal  Society,  magnified  fo  much,  as  the 
glafs  globules,  which  have  been  ufed  in  other  mierofcopes.  He 
had  obferved,  in  a letter  of  his  to  the  Royal  Society,  that  from 
upwards  of  forty  years  experience,  he  found  that  the  mod  con- 
fiderable  difcoveries  were  to  be  made  with  fuch  glades,  as,  magni- 
fying but  moderately,  exhibited  the  objefi  with  the  mod  perfect 
brightnefs  and  didin&nefs.  Each  indrument  was  devoted  to  one 
or  two  objefts  : hence  he  had  always  fome  hundreds  by  him.  * 
There  is  fome  reafon  for  fuppofmg,  that  Leeuwenhoek  was  ac- 
quainted with  a mode  of  viewing  opake  objefts,  fimilar  to  that 
invented  by  Dr.  Lieberkuhn.  f 

About  the  year  1665,  fmall  glafs  globules  began  to  be  occa- 
fionally  applied  to  the  fingle  microfcope,  indead  of  convex  lenfes. 
By  thefe  globules,  an  immenfe  magnifying  power  is  obtained. 
The  invention  of  them  has  been  generally  attributed  to  M. 
Hartfoeker ; it  appears,  however,  to  me,  that  we  are  indebted 
to  the  celebrated  Dr.  Hooke  for  this  difcovery ; for  he  defcribed 
the  manner  of  making  them  in  the  preface  to  his  Micrographia 
Illudrata,  which  was  publifhed  in  the  year  1656.  Now  the  fird 
account  we  have  of  any  microfcopical  difcovery  by  M.  Hart- 
foeker, was  that  of  the  fpermatic  animalculae,  made  by  him 
when  he  was  eighteen  years  old;  which  brings  us  down  to  the  • 
year  1674,  long  after  Dr.  Hooke’s  publication. 

As  thefe  glafs  globules  have  been  very  ufeful  in  the  hands 
of  experienced  obfervers,  I (hall  lay  before  my  readers  the 

different 

* Philofophical  Tranfa£tions,  No.  380,  No.  458. 
f Prieftley’s  Hiftory  of  Optics,  p.  220. 
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different  modes  which  have  been  defcribed  for  making  them,  that 
he  may  be  enabled  thereby  to  verify  or  confute  the  difcoveries 
that  have  been  faid  to  be  made  with  them. 

Take  a fmall  rod  * of  the  cleareft:  and  cleaned;  glafs  you  can 
procure,  free,  if  poffible,  from  blebs,  veins,  or  fandy  particles ; 
then  by  melting  it  in  a lamp  made  with  fpirit  of  wine,  or  the 
pureft  and  cleareft  fallad  oil,  draw  it  out  into  exceeding  fine  and 
fmall  threads  ; take  a fmall  piece  of  thefe  threads,  and  melt  the 
end  thereof  in  the  fame  flame,  till  you  perceive  it  run  into  a fmall 
drop  or  globule  of  the  deftred  fize ; let  this  globule  cool,  then 
fix  it  upon  a thin  plate  of  brafs  or  filver,  fo  that  the  middle  of  it 
may  be  direffly  over  the  center  of  a very  fmall  hole  made  in  this 
plate,  handling  it  till  it  is  fixed,  by  the  before-mentioned  thread 
of  glafs.  When  the  plate  is  properly  fixed  to  your  microfcope, 
and  the  objeft  adjufted  to  the  focal  diftance  of  the  globule,  you 
will  perceive  the  objeff  diftinclly  and  immenfly  magnified.  By 
this  means,  fays  Dr.  Hooke,  I have  been  able  to  diftinguifh  the 
particles  of  bodies,  not  only  a million  of  times  fmaller  than  a 
vifible  point,  but  even  to  make  thole  viftble  whereof  a million  of 
millions  would  hardly  make  up  the  bulk  of  the  fnalleft  viftble 
grain  offand  ; fo  prodigioufly  do  thefe  exceeding  fmall  globules 
enlarge  our  profpeH  into  the  more  hidden  receffes  of  nature. 

Mr.  Butterfield,  in  making  of  the  globules,  ufed  a lamp  with 
fpirit  of  wine;  but  inftead  of  a cotton  wick,  he  ufed  fine  filver 
wire,  doubled  up  and  down  like  a fkain  of  thread,  f He  pre- 

B pared 

* Lectures  and  Collections  by  Dr.  Hooke, 
t Philof.  Tranf.  No.  141. 
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pared  his  glafs  by  beating  it  to  powder,  and  waffling  it  very  clean  - 
he  then  took  a little  of  this  glafs  upon  the  fharp  point  of  a filver 
needle,  wetted  with  fpittle,  and  held  it  in  the  flame,  turning  it 
about  till  a glafs  ball  was  formed ; then  taking  it  from  the  flame, 
he  afterwards  cleaned  it  with  foft  leather,  and  fet  it  in  a brafs 
cell. 

No  perfon  has  carried  the  ufe  of  thefe  globules  fo  far  as  T.  Di 
Torre,  of  Naples,  nor  been  fo  dexterous  in  the  execution  of 
them  ; and  if  others  have  not  been  able  to  follow  him  in  the  fame 
line,  it  may  be  fairly  attributed  to  a want  of  that  delicacy  of 
touch  for  adj tiffing  the  objects  to  their  focus,  and  that  acutenefs 
of  vifion  which  can  only  be  acquired  by  long  pradfice.  P.  Torre 
has  alfo  defcribed,  more  minutely  than  any  other  author,  the 
mode  of  executing  thefe  globules,  which,  as  it  throws  much  light 
upon  the  preceding  defcription  by  Dr.  Hooke,  will  not,  it  is  pre- 
fumed, be  unacceptable  to  the  reader. 

Three  things  are  neceffary  for  forming  of  thefe  globules : 

1.  A lamp  and  bellows,  fuch  as  are  ufed  by  the  glafs-blowers  ; 

2.  A piece  of  perfect  tripoli ; 3.  A variety  of  fmall  glafs  rods. 
When  the  flame  of  the  lamp  is  blown  in  an  horizontal  dire&ion, 
it  will  be  found  to  confiff  of  two  parts;  from  the  bafe  to  about 
two- thirds  of  it’s  length,  it  is  of  a white  colour ; beyond  this,  it 
is  tranfparent,  and  colourlefs.  It  is  this  tranfparent  part  which 
is  to  be  ufed  for  melting  the  glafs,  becaufe  by  this  it  will  not'  be 
in  the  leaft  fullied ; but  it  will  be  immediately  foiled,  if  it  touches 
the  white  part  of  the  flame.  The  part  of  the  glafs  which  is  pre- 
fented  to  the  flame,  ought  to  be  exceeding  clean,  and  great  care 
fhould  be  taken  that  it  be  not  touched  by  the  fingers.  If  the 
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glafs  rod  has  contrafiled  any  fpots,  it  mu  ft  either  be  thrown  away, 
or  the  parts  that  are  [potted  muff  be  cutoff. 

The  piece  of  tripoli  which  is  to  be  ufed  in  forming  the  glo- 
bules, fhould  be  flat  on  one  fide,  and  fo  large,  that  it  may  be 
handled  conveniently,  and  proted  the  fingers  from  the  flame.  A 
piece  four  or  five  inches  long,  and  three  or  four  inches  thick,  will 
anfwer  very  well.  The  beft  tripoli  for  this  purpofe,  is  of  a white 
colour,  with  a fine  grain,  heavy  and  compact,  and  which,  after 
it  has  been  calcined,  is  of  a red  colour.  This  kind  refills  the  fire 
bell,  is  not  apt  to  break  when  calcined,  and  the  melted  glafs  does 
not  adhere  to  it.  To  calcine  this  tripoli,  cover  it  well  all  round 
with  charcoal  nearly  red  hot,  leaving  it  thus  till  the  charcoal  is 
quite  cold  ; it  may  then  be  taken  out.  Let  feveral  hemifpherical 
cavities  be  made  on  the  flat  fide  of  the  tripoli ; they  fhould  be 
of  different  fizes,  nicely  polifhed,  and  neatly  rounded  at  the 
edges,  in  order  to  facilitate  the  entrance  of  the  flame.  The  large 
globules  are  to  be  placed  in  the  large  cavities,  and  the  minuter 
ones  in  the  fmall  cavities.  The  holes  in  the  tripoli  muff  never  be 
touched  with  the  finger.  If  it  is  neceffary  to  clean  them,  it  fliould 
be  done  with  white  paper ; the  larger  globules  may  be  cleaned 
with  wadi  leather.  The  glafs  rods  fliould  be  of  various  fizes,  as 
of  i-ioth,  i-20th,  1 -goth  of  an  inch  in  diameter,  as  clean  and 
free  from  fpecks  and  bubbles  as  poffible. 

To  MAKE  SMALL  GLASS  MICROSCOPIC  GLOBULES. 

Take  two  rods  of  glafs,  one  in  each  hand,  place  their  ex- 
tremities dole  to  each  other,  and  in  the  pureft  part  of  the  flame ; 
when  you  perceive  the  ends  to  be  fufed,  feparate  them  from  each 

B 2 other ; 
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other;  the  heated  glafs  following  each  rod,  will  be  finer,  in 
proportion  to  the  length  it  is  drawn  to  and  the  fmallnefs  of  the 
rod  ; in  this  manner  you  may  procure  threads  of  glafs  of  any  de- 
gree of  finenefs.  Dire&  the  flame  to  the  middle  of  the  thread, 
and  it  will  be  inffantly  divided  into  two  parts.  When  one  of 
the  threads  is  perfefdy  cool,  place  it  at  the  extremity  of  the 
flame,  by  which  it  will  be  rendered  round;  and  if  the  thread  of 
glafs  be  very  fine,  an  exceeding  fmall  globule  will  be  formed. 
This  thread  may  now  be  broke  off'  from  the  rod,  and  a new  one 
may  be  again  drawn  out  as  before,  by  the  affiftance  of  the  other 

<dafs  rod. 
o 

The  fmall  ball  is'now  to  be  feparated  from  the  thread  of  glafs.; 
this  is  eafily  effected  by  the  fharp  edge  of  a piece  of  flint.  The 
ball  fltould  be  placed  in  a groove  of  paper,  and  another  piece  of 
paper  be  held  over  it,  to  prevent  the  ball  from  flying  about  and 
being  lofl.  A quantity  of  globules  ought  to  be  prepared  in  this 
manner ; they  are  then  to  be  cleaned,  and  afterwards  placed  in 
the  cavities  of  the  tripoli,  by  means  of  a delicate  pair  of  nippers. 
The  globules  are  now  to  be  melted  a fecond  time,  in  order  to 
render  them  completely  fpherical ; for  this  purpofe,  bring  one  of 
the  cavities  near  the  extremity  of  the  flame,  directing  this  towards 
the  tripoli,  which  muff  be  firft  heated ; the  cavity  is  then  to  be 
lowered,  fo  that  the  flame  may  touch  the ‘glafs,  which,  when  it  is 
red  hot,  will  affume  a perfeft  globular  form  ; it  muff  then  be  re- 
moved from  the  flame,  and  laid  by;  when  cold,  it  fhould  be 
cleaned,  by  rubbing  between  two  pieces  of  white  paper.  Let  it 
now  be  fet  in  a brafs  cap,  to  try  whether  the  figure  be  perfeft.  If 
the  objeft  is  not  well  defined,  the  globule  muff  be  thrown  away. 
Though,  if  it  be  large,  it  may  be  expofed  two  or  three  times  to 
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the  flame.  When  a large  globule  is  forming,  it  fliould  be  gently 
agitated  by  (baking  the  tripoli,  which  will  prevent  it’s  becoming 
flat  on  one  fide.  By  attending  to  thefe  directions,  the  greater 
part  of  the  globules  will  be  round  and  fit  for  ufe.  In  damp  wea- 
ther, notwithstanding  every  precaution,  it  will  often  happen,  that 
out  of  forty  globules,  four  or  five  only  will  be  fit  for  ufe. 

Mr.  Stephen  Gray,  of  the  Charter-Houfe,  having  obferved 
fome  irregular  particles  within  a giafs  globule,  and  finding  that 
they  appeared  diftinCt  and  prodigioufly  magnified  when  held  clofe 
to  his  eye,  concluded  that  if  he  placed  a globule  of  water,  in 
which  there  were  any  particles  more  opake  than  the  water,  near 
his  eye,  he  fliould  fee  thofe  particles  diflinflly  and  highly  mag- 
nified. This  idea,  when  realized,  far  exceeded  his  expe&ation. 
His  method  was,  to  take  on  a pin  a fmall  portion  of  water  which 
he  knew  had  in  it  fome  minute  animalculse ; this  he  laid  on  the 
end  of  a fmall  piece  of  brafs  wire,  till  there  was  formed  fomewhat 
more  than  an  hemifphere  of  water  ; on  applying  it  then  to  the 
eye,  he  found  the  animalculae  mofl.  enormoufly  magnified ; for 
thofe  which  were  fcarce  difcernible  with  his  giafs  globules,  with 
this  appeared  as  large  as  ordinary  fized  peas.  They  cannot  be 
feen  by  day-light,  except  the  room  be  darkened,  but  are  feen  to 
the  greateff  advantage  by  candle-light.  Montucla  obferves,  that 
when  any  objefks  are  inclofed  within  this  tranfparent  globule, 
the  hinder  part  of  it  afis  like  a concave  mirror,  provided  they  be 
fituated  between  that  furface  and  the  focus ; and  that  by  this 
means  they  are  magnified  three  times  and  a half  more  than  they 
would  be  in  the  ufual  wTay.  An  extempore  microfcope  may  be 
formed,  by  taking  up  a fmall  drop  of  water  on  the  point  of  a pin, 
and  placing  it  over  a fine  hole  made  in  a piece  of  metal ; but  as. 
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the  refradtive  power  of  water  is  lefs  than  that  of  glafs,  thefe 
globules  do  not  magnify  fo  much  as  thofe  of  the  fame  fize, 
which  are  made  of  glafs  : this  was  alfo  contrived  by  Mr.  Gray. 
The  fame  ingenious  author  invented  another  water  microfcope, 
confiding  of  two  drops  of  water,  feparated  in  part  by  a thin  brafs 
plate,  but  touching  near  the  center ; which  were  thus  rendered 
equivalent  to  a double  convex  lens,  of  unequal  convexities. 

Dr.  Hooke  defcribes  a method  of  ufing  the  fingle  microfcope, 
which  feems  to  have  a great  analogy  to  the  foregoing  methods 
of  Mr.  Gray.  If  you  are  defirous  (he  fays)  of  obtaining  a mi- 
crofcope  with  one  fingle  refraction,  and  confequently  capable  of 
procuring  the  greated  clearnefs  and  brightnefs  any  one  kind 
of  microfcope  is  fufceptible  of ; fpread  a little  of  the  fluid  you  in- 
tend to  examine  on  a glafs  plate,  bring  this  under  one  of  your 
microfcopic  globules,  then  move  it  gently  upwards,  till  the  fluid 
touches  the  globule,  to  which  it  will  foon  adhere,  and  that  fo 
firmly,  as  to  bear  being  moved  a little  backwards  or  forwards. 
By  looking  through  the  globule,  you  will  then  have  a perfedt  view 
of  the  animalcule  in  the  drop.  w 

Having  laid  before  the  reader  the  principal  improvements  that 
have  been  fuggeded  or  made  in  the  fingle  microfcope,  it  remains 
only  to  point  out  thofe  infiruments  of  this  kind,  which,  from  the 
mode  in  which  they  are  fitted  up,  feem  bed  adapted  for  general 
life  ; the  peculiar  advantages  of  which,  as  well  as  the  manner  of 
ufing  them,  will  be  defcribed  in  the  third  chapter  of  this  work. 

Fig- 

* Hooke’s  Lectures  and  Conjectures,  p.  98. 
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Fig.  3.  Plate  VI.  reprefents  that  which  was  ufed  by  M.  Lyon- 
net  lor  differing  the  coffus. 

Fig.  1.  Plate  VII.  B.  The  aquatic  microfcope  ufed  by  Mr, 
Ellis  for  inveftigating  the  nature  of  coralline,  and  recommended 
by  Mr.  Curtis  to  botanifls,  in  his  Flora  Londinenfis. 

Fig.  1.  Plate  VI.  A botanical  microfcope,  contrived  by  Dr. 
Withering. 

Fig.  2.  Plate  VI.  A botanical  microfcope,  by  Mr.  B.  Martin. 

Fig.  5.  Plate  VI.  The  tooth  and  pinion  microfcope,  which  is, 
now  generally  fubflituted  in  the  room  of  Wilfon’s. 

Fig.  8.  Plate  VIII.  A botanical  magnifier. 

Fig.  7.  Plate  VIII.  A different  kind  of  botanical  magnifier. 

A compound  microscope,  as  it  confifts  of  two,  three,  or 
more  glafles,  is  more  eafily  varied,  and  is  fufceptible  of  greater 
changes  in  it’s  contraction,  than  the  (ingle  microfcope.  The 
number  of  the  lenfes,  of  which  it  is  formed,  may  be  increafed  or 
diminifhed,  their  refpeflive  pofitions  may  be  varied,  and  the 
form  in  which  they  are  mounted  be  altered  almofl  ad  infinitum. 
But  among  thefe  varieties,  fome  will  be  found  more  deferving  of 
attention  than  others ; it  is  of  thefe  only  we  {hall  fpeak  in  this 
place. 
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The  three  firft  compound  microfcopes  that  attraH  our  notice, 
are  thofe  of  Dr.  Hooke,  Euftachio  Divini,  and  Philip  Bonnani. 
Dr.  Hooke  gives  an  account  of  his  in  the  preface  to  his  Micro- 
graphia,  which  was  publifhed  in  the  year  1656;  it  was  about 
three  inches  in  diameter,  feven  long,  and  furnifhed  with  four 
draw-out  tubes,  by  which  it  might  be  lengthened  as  occafion  re- 
quired : it  had  three  glades,  a fmall  objeft  glafs,  a middle  glafs, 
and  a deep  eye  glafs  : Dr.  Hooke  ufed  all  the  glalfes  when  he 
wanted  to  take  in  a considerable  part  of  an  objeft  at  once,  as  by 
the  middle  glafs  a number  of  radiating  pencils  were  conveyed  to 
the  eye,  which  would  otherwife  have  been  loll : but  when  he 
wanted  to  examine  with  accuracy  the  fmall  parts  of  any  fubftance, 
he  took  out  the  middle  glafs,  and  only  made  ufe  of  the  eye  and 
objeft  lenfes  ; for  the  fewer  the  refraHions  are,  the  clearer  and 
more  bright  the  objedl  appears. 

An  account  of  Euftachio  Divini’s  microfcope  was  read  at  the 
Royal  Society,  in  1 558.*  It  confifted  of  an  objedl  lens,  a mid- 
dle glafs,  and  two  eye  glalfes,  which  were  piano  convex  lenfes, 
and  were  placed  fo  that  they  touched  each  other  in  the  center  ol 
their  convex  furfaces  ; by  which  means  the  glafs  takes  in  more  ol 
an  obje£I,  the  held  is  larger,  the  extremities  ol  it  lefs  curved, 
and  the  magnifying  power  greater.  The  tube,  in  which  the 
glaftes  were  inclofed,  was  as  large  as  a mans  leg,  and  the  eye 
glalfes  as  broad  as  the  palm  of  the  hand.  It  had  loui  fc\eial 
lengths  ; when  Ihut  up,  it  was  lixteen  inches  long,  ana  magnified 
the  diameter  of  an  objeft  forty-one  times  ; at  the  fecond  length, 
ninety  times ; at  the  third  length,  one  hundred  and  eleven  times  ; 

at 


* Philof.  Tranf.  No.  42. 


Microscopical  Essays. 


37 

at  the  fourth  length,  one  hundred  and  forty-three  times.  It  does 
not  appear  that  E.  Divini  varied  the  objeft;  lenfes. 

Philip  Bonnani  publifhed  an  account  of  his  two  microfcopes  in 
1698  ; * both  were  compound ; the  firft  was  fimilar  to  that  which 
Mr.  Martin  publifhed  as  new,  in  his  Micrographia  Nova,f  in 
1712.  His  fecond  was  like  the  former,  compofed  of  three 
glalles,  one  for  the  eye,  a middle  glafs,  and  an  objedl  lens: 
they  were  mounted  in  a cylindrical  tube,  which  was  placed  in  an 
horizontal  pofition ; behind  the  flage  was  a fmall  tube,  with  a 
convex  lens  at  each  end ; beyond  this  was  a lamp  ; the  whole  ca- 
pable of  various  adjuftments,  and  regulated  by  a pinion  and  rack ; 
the  fmall  tube  was  ufed  to  condenfe  the  light  on  the  objedt,  and 
fpread  it  uniformly  over  it  according  to  it’s  nature,  and  the  mag- 
nifying power  that  was  ufed. 

If  the  reader  attentively  confiders  the  conflrudlion  of  the  fore- 
going microfcopes,  and  compares  them  with  more  modern  ones, 
he  will  be  led  to  think  with  me,  that  the  compound  microfcopc 
has  received  very  little  improvement  fince  the  time  of  Bonnani. 
Taken  feparately,  the  foregoing  conftmdtions  are  equal  to  fome 
of  the  molt  famed  modern  microfcopes.  If  their  advantages  are 
combined,  they  are  far  fuperior  to  that  of  M.  Dellebarre,  not- 
withffanding  the  pompous  eulogium  affixed  thereto  by  Mefl.  De 
L’Academle  Rovale  des  Sciences,  t 

I 
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* Bonnani  Obfervationes  circa  viventia,  &c. 

+ Micrographia  Nova,  by  B.  Martin,  4to. 

+ Memoires  fur  les  Differences  de  la  Conftrudtion  et  des  Effets  du  Microfcope, 
de  M.  L.  F.  Dellebarre,  1777. 
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From  this  period,  to  the  year  1736,  the  microfcope  appears 
not  to  have  received  any  confiderable  alteration,  but  the 
fcience  itfelf  to  have  been  at  a (land.  The  improvements  which 
were  making  in  the  refle&ing  telefcope,  naturally  led  thole  who 
had  turned  their  thoughts  this  way,  to  expend  a fimilar  fervice 
for  microfcopes  on  the  fame  principles : accordingly  we  find  two 
plans  of  this  kind ; the  firlt  was  that  of  Dr.  Robert  Barker. 
This  inftrument  is  entirely  the  fame  as  the  refle&ing  telefcope, 
excepting  the  diftance  of  the  two  fpeculums,  which  is  lengthened, 
in  order  to  adapt  it  to  thofe  pencils  of  rays  which  enter  the 
telefcope  diverging;  whereas,  from  very  diftant  obje&s,  they 
come  in  a direction  nearly  parallel.  But  this  was  foon  laid  afide, 
not  only  as  it  was  more  difficult  to  manage,  but  alfo  becaufe  it 
was  unfit  for  any  but  very  finall  or  tranfparent  obje&s  : for  the 
objeft  being  between  the  fpeculum  and  the  image,  would,  if  it 
were  large  and  opake,  prevent  a due  refleflion  of  light  on  the 
objeft. 

The  fecond  was  contrived  by  Dr.  Smith.*  In  this  there  were 
two  reflediing  mirrors,  one  concave,  and  the  other  convex  ; the 
image  was  viewed  by  a lens.  This  microfcope,  though  far  from 
being  executed  in  the  beft  manner,  performed,  fays  Dr.  Smith, 
very  well,  fo  that  he  did  not  doubt  but  what  it  would  have  ex- 
celled others,  if  it  had  been  properly  finifhed. 

As  fome  vears  are  more  favorable  to  the  fruits  of  the  earth,  fo 
✓ 

alfo  fome  periods  are  more  favorable  to  particular  fciences,  being 
rich  in  difcovery,  and  cultivated  with  ardor.  Thus,  in  the  year 
6 1738* 


* Dr.  Smith’s  Optics,  Remarks,  p.  94. 
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1738,  Mr.  Lieburkuhn’s  invention  of  the  folar  microfcope  was 
communicated  to  the  public  : the  vail  magnifying  power  which 
was  obtained  by  this  inftrument,  the  colofial  grandeur  with  which 
it  exhibited  the  minima  of  nature,  the  plcafure  which  arofe  from 
being  able  to  difplay  the  fame  objeff  to  a number  of  obfervers  at 
the  fame  time,  by  affording  a new  fource  of  rational  amufement, 
increafed  the  number  of  microfccpic  obfervers,  who  were  further 
flimulated  to  the  fame  purfuits  by  Mr.  Trembley’s  famous  difco- 
very  of  the  polype : the  wonderful  properties  of  this  little  animal, 
together  with  the  works  of  Mr.  Trembley,  Baker,  and  my  father, 
revived  the  reputation  of  this  inftrument.  * 

Every  optician  now  exerciied  his  talents  in  improving  (as  he 
called  it)  the  microfcope ; in  other  words,  in  varying  it’s  con- 
ftruftion,  and  rendering  it  different  from  that  fold  by  his  neigh- 
bour. Their  principal  objeff  feemed  to  be,  only  to  fubdivide 
the  inftrument,  and  make  it  lie  in  as  fmall  a compafs  as  poffible  ; 
by  which  means,  they  not  only  rendered  it  complex,  and  trou- 
blelome  in  ufe,  but  loft  fight  alfo  of  the  extenfive  field,  great 
light,  and  other  excellent  properties  of  the  more  ancient  inftru- 
ments ; and  in  fome  meafure,  {hut  themfelves  out  from  further 
improvements  on  the  microfcope.  Every  mechanical  inftrument 
is  fufceptible  of  almoft  infinite  combinations  and  changes,  which 
are  attended  with  their  relative  advantages  and  difadvantages : 
thus,  what  is  gained  in  power,  is  loft  in  time  ; “ he  that  loves  to 
be  confined  to  a fmall  houfe,  muff  lofe  the  benefit  of  air  and 
exercife.” 

C 2 The 

* Trembley  Memoires  fur  les  Polypes.  Baker’s  Microfcope  made  Eafy ; 
Attempt  towards  an  Hiftory  of  the  Polype ; Employment  for  the  Microfcope. 
Adams’s  Micrographia  Illuftrata.  Joblot’s . Obfervations  d’Hiftoire  Naturelle. 
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The  microfcope,  nearly  at  the  fame  period,  gave  rife  to  M. 
Buff  on’s  famous  fyftem  of  organic  molecules,  and  M.  Need- 
ham’s incomprehenffble  ideas  concerning  a vegetative  force 
and  the  vitality  of  matter.  M.  Buffon  has  drefled  up  his  fyftem 
with  all  the  charms  of  eloquence,  prefenting  it  to  the  mind  in 
the  mod  agreeable  and  lively  colours,  exerting  the  depths  of  eru- 
dition in  the  mod  interefting  and  feducing  manner,  to  eftablifh. 
his  hypothefis,  making  us  almoff  ready  to  adopt  it  againft  the 
dictates  of  reafon,  and  the  evidence  of  fails.  But  whether  this 
great  man  was  miffed  by  the  warmth  of  his  imagination,  his 
attachment  to  a favorite  fyftem,  or  the  ufe  of  imperfeil  inftru- 
ments,  it  appears  but  too  evident,  that  he  was  not  acquainted 
with  the  objeils  whofe  nature  he  attempted  to  inveftigate  ; and  it 
is  probable,  that  he  never  faw  * thofe  which  he  fuppofed  he  was 
defcribing,  continually  confounding  the  animalcule  produced 
from  the  putrifying  decompofition  of  animal  fubftances,  with  the 
fpermatic  animalcule,  although  they  are  two  kinds  of  beings, 
differing  in  form  and  nature  ; fo  that  the  beautiful  fabric  attempt- 
ed to  be  raifed  on  his  hypothefis,  vanifhes  before  the  light  of 
truth  and  well  condufled  experiments. 

After  this  period,  the  mind,  either  fatisfied  with  the  difcoveries 
already  made,  (which  will  be  particularly  defcribed  hereafter) 
or  tired  by  it’s  own  exertions,  fought  for  repofe  in  other  purfuits  ; 
fo  that  for  feveral  years  this  inftrument  was  again,  in  fbme  mea- 

. fare. 


* Porro  Buffonius,  ut  cum  illuftris  viii  venia  dicaftt  omnino  non  videtur,  ver- 
miculos  fcminales  vidifte.  Diuturnitas  enim  vitae  quam  fuis  corpufculis  tribuit, 
oftendit  non  efle  noftra  animalcula  (id  eft,  fpermatica)  quibus  brevis  et  paucarum 
horarum  vita  eft.  Haller  Phyfiol.  tom.  7. 
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fare , laid  afide.  In  1770,  Dr.  Hill  * publifhed  a treatife,  in 
which  he  endeavours  to  explain  the  conftrudion  of  timber  by 
the  microfcope,  and  fhew  the  number,  the  nature,  and  office  of 
it’s  feveral  parts,  their  various  arrangements  and  proportions  in 
the  different  kinds  5 and  point  out  a way  of  judging,  from  the 
ftrudure  of  trees,  the  ufes  they  will  beft  ferve  in  the  affairs  of 
life.  So  important  a fubjed  foon  revived  the  ardor  for  micro- 
fcopic  purfuits,  which  feems  to  have  been  increafmg  ever  fince. 
About  the  fame  time,  my  father  contrived  an  inftrument  for  cut- 
ting the  tranfverfe  fed  ions  of  wood,  in  order  that  the  texture 
thereof  might  be  rendered  more  vifible  in  the  microfcope,  and 
confequently  be  better  underflood  ; this  inftrument  was  afterwards 
improved  by  Mr.  Cumming.  Another  inftrument  for  the  fame 
purpofe,  more  certain  in  it’s  effeds,  and  more  eafdy  managed,  is 
reprefented  in  fig.  1,  plate  9;  it  will  be  defcribed  in  one  of 
the  following  chapters.  Dr.  Hooke  and  Mr.  Cuftance  now  en- 
deavoured to  bring  back  the  microfcope  nearer  to  the  old  ftand- 
ard,  to  increafe  the  field  by  the  multiplication  of  the  eye  glaftes, 
and  to  augment  the  light  on  the  objed,  by  condenfing  lenfes ; 
and  in  this  they  happily  fucceeded : Mr.  Cuftance  was  unrivalled 
in  his  dexterity  in  preparing,  and  accuracy  in  cutting  thin  tranf- 
verfe fedions  of  wood„ 

In  1771,  my  father  publifhed  a fourth  edition  of  his  Micro- 
graphia,  in  which  he  defcribed  the  principal  inventions  then  in 
ufe  ; particularly  a contrivance  of  his  own,  for  applying  the  folar 
microfcope  to  the  camera  obfcura,  and  illuminating  it  at  night  by 

a lamp. 


* Dr.  Hill  on  the  Conftru&ion  of  Timber. 
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a lamp,  by  which  means  a pi&ure  of  microfcopic  obje&s  might 
be  exhibited  in  winter  evenings. 

It  appears  * from  the  teflimony  of  M.  yEpinus,  that  M.  Lie- 
burkuhn  had  confiderably  improved  the  folar  microfcope,  by 
adapting  it  to  view  opake  obje&s.  This  contrivance  was  by  fome 
means  loft.  The  knowledge,  however,  that  fuch  an  effeft  had 
been  produced,  led  yEpinus  to  attend  to  the  fubjeft  himfelf,  in 
which  he  in  fome  meafure  fucceeded,  and  would,  no  doubt,  have 
brought  it  to  perfection,  if  he  had  increafed  the  fize  of  his  illu- 
minating mirror.  Some  further  improvements  were  made  on  this 
inftrument  by  M.  Ziehr  ; but  the  moft  perfect  inftrument  of  the 
kind,  is  that  of  Mr.  B.  Martin,  who  publifhed  an  account  of  it  in 
the  year  1 774.  f The  common  folar  microfcope  does  not  fhew 
the  furface  of  any  obje6l,  whereas  the  opake  folar  microfcope  not 
only  magnifies  the  obje£f,  but  exhibits  on  a fcreen  an  expanded 
piflure  of  it’s  furface,  with  all  it's  colours,  in  a moft  beautiful 
manner. 

About  the  year  1774,  I invented  the  improved  lucernal 
microfcope  ; this  inftrument  does  not  in  the  leaft  fatigue  the  eye ; 
it  ftiews  all  opake  objects  in  a moft  beautiful  manner ; and  tranf- 
parent  obje&s  may  be  examined  by  it  in  various  ways,  fo  that  no 
part  of  an  objeft  is  left  unexplored  ; and  the  outlines  of  all  may 
be  taken  with  eafe,  even  by  thofe  who  are  moft  unfkilled  in 
drawing. 

M.  L. 

* Priedley’s  Hid.  of  Optics,  p.  743, 

i Martin’s  Description  and  Ufe  of  an  Opake  Solar  Microfcope. 


Microscopical  Essays. 


23 


M.  L.  F.  Dellebarre  published  an  account  of  his  microfcope 
in  the  year  1777.  - It  does  not  appear  from  this,  that  it 
was  fuperior  in  any  refpedt  to  thofe  that  were  then  made  in 
England,  but  was  inferior  in  others ; for  thofe  publilhed  by  my 
father  in  1771,  pofleded  all  the  advantages  of  Dellebarre’s  in  a 
higher  degree,  except  that  of  changing  the  eye  glaiTes. 

' 1 

In  1784,  M.  yEpinus  publilhed  a defcription  of  what  he 
termed  new-invented  microfcopes,  in  a letter  to  the  Academie  des 
Sciences  de  St.  Peterfburg ; * they  are  nothing  more  than  an  ap- 
plication of  the  acromatic  perfpeftive  to  microfcopic  purpofes. 
Now  it  has  been  long  known  to  every  one  who  is  the  lead  verfed 
in  optics,  that  any  telefcope  is  eafdy  converted  into  a microfcope, 
by  removing  the  objedl  glafs  to  a greater  didance  from  the  eye 
glades  ; and  that  the  didance  of  the  image  varies  with  the  didance 
of  the  objeft  from  the  focus,  and  is  magnided  more,  as  it’s 
didance  from  the  objeft  is  greater:  the  fame  telefcope  may, 
therefore,  be  fuccedively  turned  into  a microfcope,  with  different 
magnifying  powers.  Mr.  Martin  had  alfo  diewn,  in  his  defcription 
and  ufe  of  a polydynamic  microfcope,  how  eafily  the  fmall  acro- 
matic perfpeftive  may  be  applied  to  this  purpofe.  Botanids 
might  dnd  fome  advantage  in  attending  to  this  indrument ; it 
would  adid  them  in  difcovering  fmall  plants  at  a didance,  and 
thus  of  ten  fave  them  from  the  thorns  of  the  hedge,  and  the  dirt  of 
a ditch. 

Fig.  1,  Plate  III.  reprefents  the  improved  lucernal  microfcope. 


Fig- 


* Defcription  des  Nouveaux  Microfcopes,  inventes  par  M.  ./Epinus, 
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Fig.  1,  Plate  V.  reprefents  a folar  opake  microfcope. 

Fig.  4,  Plate  VI.  is  a pifture  of  the  common  folar  microfcope. 

v 

Fig.  3,  Plate  IV.  is  what  is  ufually  called  Culpeper’s,  or 
the  three  pillared  microfcope. 

Fig.  i,  Plate  IV.  the  improved  double  andfingle  microfcope. 

Fig.  2,  Plate  IV.  the  bell  double  conllru6led  microfcope. 

Fig.  i,  Plate  VII.  A.  the  common  double  conltru6led  microfcope. 

Fig.  3,  Plate  VIII.  a microfcopic  telefcope,  or  convenient 
portable  apparatus  for  a traveller. 

We  cannot  conclude  this  chapter  better  than  with  the  following 
obfervations  on  the  microfcope.  We  are  indebted  to  it  for  many 
difcoveries  in  natural  hiftory ; but  let  us  not  fuppofe,  that  the 
Creator  intended  to  hide  thefe  objefts  from  our  obfervation.  It 
is  true,  this  inftrument  difcovers  to  us  as  it  were  a new  creation, 
new  feries  of  animals,  new  forefts  of  vegetables  ; but  he  who 
gave  being  to  thefe,  gave  us  an  underfhmding  capable  of  invent- 
ing means  to  affift  our  organs  in  the  difcovery  of  their  hidden 
beauties.  He  gave  us4eyes  adapted  to  enlarge  our  ideas,  and  ca- 
pable of  comprehending  a univerfe  at  one  view,  and  confequently 
incapable  of  difcerning  thofe  minute  beings,  with  which  he  has 
peopled  every  atom  of  the  univerfe.  But  then  he  gave  properties 
and  qualities  to  matter  of  a particular  kind,  by  which  it  would 
procure  us  this  advantage,  and  at  the  fame  time  elevated  the 

under- 
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nnderflanding  from  one  degree  of  knowledge  to  another,  till  it 
was  able  to  difcover  thele  alfiftances  for  our  fight. 

It  is  thus  we  fhould  confider  the  difcoveries  made  by  thofe  in- 
flruments,  which  have  received  their  birth  from  an  exertion  of 
our  faculties.  It  is  to  the  fame  power,  who  created  the  objects  of 
our  admiration,  that  we  are  ultimately  to  refer  the  means  of  dis- 
covering them.  Let  no  one,  therefore,  accufe  us  of  prying- 
deeper  into  the  wonders'  of  nature,  than  was  intended  for  us. 
There  is  nothing  we  difcover  by  their  afhftance,  which  is  not  a 
frefh  fource  of  praife;  and  it  does  not  appear,  that  our  faculties 
can  be  better  employed,  than  in  finding  means  to  invefligate  the 
works  of  God. 

From  a partial  confideration  of  thefe  things,  we  are  very  apt 
to  criticife  what  we  ought  to  admire ; to  look  upon-  as  ufelefs 
what  perhaps  we  fhould  own  to  be  of  infinite  advantage  to  us, 
did  we  fee  a little  farther ; to  be  peevifh  where  we  ought  to  give 
thanks  ; and  at  the  fame  time,  to  ridicule  thofe  who  employ  their 
time  and  thoughts  in  examining  what  we  were,  i.  e.  fome  of  us 
moft  affuredly  were,  created  and  appointed  to  fludy.  In  fliort, 
we  are  too  apt  to  treat  the  Almighty  worfe  than  a rational  man 
would  treat  a good  mechanic,  whofe  works  he  would  either 
thoroughly  examine,  or  be  afhamed  to  find  any  fault  witkthem. 
This  is  the  effeft  of  a partial  confideration  of  nature  ; but  he  who 
has  candor  of  mind,  and  leifure  to  look  farther,  will  be  inclined 
to  cry  out: 

How  wondrous  is  this  fcene ! where  all  is  form’d 
With  number,  weight,  and  meafure  ! all  defign’d 
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F or  fome  great  end  ! where  not  alone  the  plant 
Of  (lately  growth  ; the  herb  of  glorious  hue. 

Or  food-full  fubftance  ! not  the  laboring  heed. 

The  herd,  and  flock  that  feed  us ; not  the  mine 
That  yields  us  (lores  for  elegance  and  ufe  ; 

The  fea  that  loads  our  table,  and  conveys 
The  wanderer  man  from  clime  to  clime,  with  all 
Thofe  rolling  fpheres,  that  from  on  high  fhed  down 
Their  kindly  influence ; not  thefe  alone. 

Which  flrike  ev’n  eyes  incurious,  but  each  mofs. 
Each  fhell,  each  crawling  infe£l,  holds  a rank 
Important  in  the  plan  of  Him,  who  fram’d 
T his  fcale  of  beings  ; holds  a rank,  which  loft 
Would  break  the  chain,  and  leave  behind  a gap 
Which  nature’s  felf  would  rue.  Almighty  Being,. 
Caufe  and  fupport  of  all  things,  can  I view 
Thefe  objefts  of  my  wonder ; can  I feel 
Thefe  fine  fenfations,  and  not  think  of  thee? 
Thou  who  doft  thro  th’  eternal  round  of  time,. 
Doft  thro’  th’  immenfity  of  fpace  exifl 
Alone,  {halt  thou  alone  excluded  be 
From  this  thy  univerfe?  Shall  feeble  man 
Think  it  beneath  his  proud  philofophy 
To  call  for  thy  afhftance,  and  pretend 
To  frame  a wTorld,  who  cannot  frame  a clod?— 
Not  to  know  thee,  is  not  to  know  ourfelves — - 
Is  to  know  nothing — nothing  worth  the  care 
Of  man’s  exalted  fpirit : — all  becomes. 

Without  thy  ray  divine,  one  dreary  gloom. 

Where  lurk  the  monfters  of  phantaflic  brains, 
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Order  bereft  of  thought,  uncaus’d  effeds. 

Fate  freely  ading,  and  unerring  chance. 

Where  meanlefs  matter  to  a chaos  finks. 

Or  fomething  lower  ftill,  for  without  thee 
It  crumbles  into  atoms  void  of  force. 

Void  of  refiftance — it  eludes  our  thought. 

Where  laws  eternal  to  the  varying  code 
Of  felf-love  dwindle.  Intereft,  pafhon,  whim. 
Take  place  of  right,  and  wrong,  the  golden  chain 
Of  beings  melts  away,  and  the  mind’s  eye 
Sees  nothing  but  the  prefent.  All  beyond 
Is  vifionary  guefs — is  dream — is  death.* 


* Stillingfleet’s  Mifcellaneous  Tra&s. 
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Of  Vision,  of  the  Optical  Effect  of  Microscopes,. 

AND  OF  THE  MANNER  OF  ESTIMATING  THEIR  MAG- 
NIFYING Powers. 

r"|  ^ H E progrefs  that  has  been  made  in  the  fcience  of  optics, 
in  the  laft  and  prefent  century,  particularly  by  Sir  Ifaac: 
Newton,  may  with  propriety  be  ranked  among  the  greatefl  acquis- 
itions of  human  knowledge.  And  Meff.  Delaval  and  Herfchei 
have  fliewn  by  their  difeoveries,  that  the  boundaries  of  this, 
fcience  may  be  confiderably  enlarged. 

The  rays  of  light,  which  minifler  to  the  fenfe  of  fight,  are  the 
mofl  wonderful  and  aftonifhing  part  of  the  inanimate  creation  ; of 
which  we  fhall  foon  be  convinced,  if  we  confider  their  extreme 
minutenefs,  their  inconceivable  velocity,  the  regular  variety  of 
colours  they  exhibit,  the  invariable  laws  according  to  which  they 
are  aXed  upon  by  other  fubffances,  in  their  refleXions,  inflexions, 
and  refraXions,  without  the  leafl  change  of  their  original  proper- 
ties ; and  the  facility  with  which  they  pervade  bodies  of  the 
greatefl  denfity  and  clofefl  texture,  without  refiflance,  without 
crouding  or  diflurbing  each  other.  Thefe,I  believe,  will  be 
deemed  fufficient  proofs  of  the  wonderful  nature  of  thefe  rays ; 
without  adding,  that  it  is  by  a peculiar  modification  of  them,  that 
we  are  indebted  for  the  advantages  we  obtain  by  the  microfcope. 
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The  fcience  of  optics,  which  explains  and  treats  of  many  of 
the  properties  of  thefe  rays  of  light,  is  deduced  from  experiments, 
on  which  all  philofophers  are  agreed.  It  is  impolfible  to  give  an 
adequate  idea  of  the  nature  of  vifion,  without  a knowledge  of 
thefe  experiments,  and  the  mathematical  reafoning  grounded 
upon  them ; but  as  to  do  this  would  alone  fill7  a large  volume,  I 
fhall  only  endeavour  to  render  fome  of  the  more  general  princi- 
ples clear,  that  the  reader,  who  is  unacquainted  with  the  fcience 
of  optics,  may  neverthelefs  be  enabled  to  comprehend  the  nature 
of  vifion  by  the  micro  fcope.  Some  of  the  moft  important  of 
thefe  principles  may  be  deduced  from  the  following  very 
interefling  experiment. 

Darken  a room,  and  let  the  light  be  admitted  therein  only  by 
a fmall  hole ; then,  if  the  weather  is  fine,  you  will  fee  on  the 
wall,  which  is  facing  the  hole,  a picture  of  all  thofe  exterior  ob- 
jects which  are  oppofite  thereto,  with  all  their  colours,  though 
thefe  will  be  but  faintly  feen.  The  image  of  the  objefls  that  are 
flationary,  as  trees,  houfes,  &c.  will  appear  fixed;  while  the 
images  of  thofe  that  are  in  motion,  will  be  feen  to  move.  The 
image  of  every  objebl  will  appear  inverted,  becaufe  the  rays  crofs 
each  other  in  palfing  through  the  fmall  hole.  If  the  fun  fhines  on 
the  hole,  we  (hall  fee  a luminous  ray  proceed  in  a ftrait  line,  and 
terminate  on  the  wall.  If  the  eye  is  placed  in  this  ray,  it  will  be  in 
a right  line  with  the  hole  and  the  fun : it  is  the  fame  with  every 
other  objeft  which  is  painted  on  the  wall.  The  images  of  the  ob- 
jefts  exhibited  on  the  fame  plane,  are  fmaller  in  proportion  as  the 
objefis  are  further  from  the  hole. 
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Many  and  important  are  the  inferences  which  may  be  deduced 
from  the  foregoing  experiment,  among  which  are  the  following : 

1.  That  light  flows  in  a right  line. 

2.  That  a luminous  point  may  be  feen  from  all  thofe  places  to 
which  a ftrait  line  can  be  drawn  from  the  point,  without  meeting 
with  any  obflacle ; and  confequently 

3.  That  a luminous  point,  by  fome  unknown  power,  fends 
forth  rays  of  light  in  all  directions,  and  is  the  center  of  a fphere 
of  light,  which  extends  indefinitely  on  all  fides  ; and  if  we  con- 
ceive fome  of  thefe  rays  to  be  intercepted  by  a plane,  then  is  the 
luminous  point  the  fummit  of  a pyramid,  whofe  body  is  formed 
by  the  rays,  and  it’s  bafe  by  the  intercepting  plane. — The 
image  of  the  furface  of  an  objeCt,  which  is  painted  on  the  wall,  is 
alfo  the  bafe  of  a pyramid  of  light,  the  apex  of  which  is  the 
hole ; the  rays  which  form  this  pyramid,  by  eroding  at  the  hole, 
form  another,  fimilar  and  oppofite  to  this,  of  which  the  hole  is 
alfo  the  fummit,  and  the  furface  of  the  objeCl  the  bafe. 

4.  That  an  objeCt  is  vifible,  becaufe  all  it’s  points  are  radiant 
points. 

5.  That  the  particles  of  light  are  indefinitely  fmall ; for  the 
- rays,  which  proceed  from  the  points  of  all  the  obje&s  oppofite  to 

the  hole,  pafs  through  it,  though  extremely  fmall,  without  em* 
barrafling  or  confounding  each  other. 


6,  That 
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6.  That  every  ray  of  light  carries  with  it  the  image  of  the 
objeft  from  which  it  was  emitted. 

The  nature  of  vifion  in  the  eye,  may  be  imperfe&Iy  illuftrated 
by  the  experiment  of  the  darkened  room  ; the  pupil  of  the  eye 
being  confidered  as  the  hole  through  which  the  rays  of  light  pafs, 
and  crofseach  other,  to  paint  on  the  retina,  at  the  bottom  of  the 
eye,  the  inverted  images  of  all  thofe  objefts  which  are  expoled  to 
the  fight,  fo  that  the  diameter  of  the  images  of  the  fame  objedl 
are  greater,  in  proportion  to  the  angles  formed  at  the  pupil,  by 
the  crofting  rays  which  proceed  from  the  extremities  of  the  ob- 
ject ; that  is,  the  diameter  of  the  image  is  greater,  in  proportion 
as  the  difiance  is  lefs  ; or,  in  other  words,  the  apparent  magni- 
tude of  an  obje£t  is  in  fome  degree  meafured  by  the  angle  under 
which  it  is  feen,  and  this  angle  increafes  or  diminifiies,  according 
as  the  objeft  is  nearer  to,  or  further  from  the  eye ; and  confe- 
quently,  the  lefs  the  diftance  is  between  the  eye  and  the  objeft, 
the  larger  the  latter  will  appear. 

From  hence  it  follows,  that  the  apparent  diameter  of  an  objeft 
feen  by  the  naked  eye,  may  be  magnified  in  any  proportion  we 
pleafe ; for  as  the  apparent  diameter  is  increafed,  in  proportion 
as  the  diftance  from  the  eye  is  leftened,  we  haye  only  to  leften 
the  diftance  of  the  objefl  from  the  eye,  in  order  to  increafe  the 
apparent  diameter  thereof.*  Thus,  fuppofe  there  is  an  objefr, 
AB,  Plate  I.  Fig.  1,  which  to  an  eye  at  E fubtends  or  appears 
under  the  angle  AEB,  we  may  magnify  the  apparent  diameter 
in  what  proportion  we  pleafe,  by  bringing  our  eye  nearer  to  it. 
If,  for  inftance,  we  would  magnify  it  in  the  proportion  of  F G 

to 

* Rutherforth’s  Syitem  of  Natural  Philofophy,  p.  330. 


to  A B ; that  is,  if  we  would  fee  the  objeft  under  an  angle  as 
large  as  F E G,  or  would  make  it  appear  the  fame  length  that  an 
objeft  as  long  as  F G would  appear,  it  may  be  done  by  coming 
nearer  to  the  objefh  For  the  apparent  diameter  is  as  the  diftance 
inverfely ; therefore,  if  CD  is  as  much  lefs  than  C E,  as  F G is 
greater  than  AB,  by  bringing  the  eye  nearer  to  the  objeft  in  the 
proportion  of  C D to  ED,  the  apparent  diameter  will  be  mag- 
nified in  the  proportion  of  F G to  AB ; fo  that  the  object  AB, 
to  the  eye  at  D,  will  appear  as  long  as  an  objeft  F G would  ap- 
pear to  the  eye  at  E.  In  the  fame  manner,  we  might  fhew,  that 
the  apparent  diameter  of  an  objeft,  when  feen  by  the  naked  eye, 
may  be  infinite.  For  fince  the  apparent  diameter  is  reciprocally 
as  the  diftance  of  the  eye,  when  the  diftance  of  the  eye  is  nothing, 
or  when  the  eye  is  clofe  to  the  objeft  at  C,  the  apparent  diameter 
will  be  the  reciprocal  of  nothing,  or  infinite. 

There  is,  however,  one  great  inconvenience  in  thus  magnify- 
ing an  objeft,  without  the  help  of  glaftes,  by  placing  the  eye 
nearer  to  it.  The  inconvenience  is,  that  we  cannot  fee  an  objedt 
diftinflly,  unlefs  the  eye  is  about  five  or  fix  inches  from  it ; there- 
fore, if  webring  it  nearer  to  our  eye  than  five  or  fix  inches,  how- 
ever it  may  be  magnified,  it  will  be  feen  confufedly.  Upon  this 
account,  the  greateft  apparent  magnitude  of  an  objedt  that  we 
are  ufed  to,  is  the  apparent  magnitude,  when  the  eye  is  about  five 
or  fix  inches  from  it : and  we  never  place  an  objedf  much  within 
that  diftance;  becaufe,  though  it  might  be  magnified  by  this 
means,  yet  the  confufion  would  prevent  our  deriving  any  advan- 
tage from  feeing  it  fo  large.  The  fize  of  an  objedt  feems  extra- 
ordinary, when  viewed  through  a convex  lens  ; not  becaufe  it  is 
impofiible  to  make  it  appear  of  the  fame  fize  to  the  naked  eye, 
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but  becaufe  at  the  diftance  from  the  eye  which  would  be  neceffary 
for  this  purpofe,  it  would  appear  exceedingly  confufed;  for 
which  reafon,  we  never  bring  our  eye  fo  near  to  it,  and  confe- 
quently,  as  we  have  not  been  accuflomed  to  fee  the  objed  of  this 
fize,  it  appears  an  extraordinary  one. 

On  account  of  the  extreme  minutenefs  of  the  atoms  of  light, 
it  is  clear,  a fingle  ray,  or  even  a fmall  number  of  rays,  cannot 
make  a fenlible  imprelhon  on  the  organ  of  fight,  whofe  fibres  are 
very  grofs,  when  compared  to  thele  atoms  ; it  is  neceffary,  there* 
fore,  that  a great  number  fhould  proceed  from  the  furface  of  an 
objed,  to  render  it  vifible.  But  as  the  rays  of  light,  which 
proceed  from  an  objed,  are  continually  diverging,  different 
methods  have  been  contrived,  either  of  uniting  them  in  a given 
point,  or  of  feparating  them  at  pleafure  : the  manner  of  doing 
this,  is  the  fubjed  of  dioptrics  and  catoptrics. 

By  the  help  of  glaffes,  we  unite  in  the  fame  fenfible  point  a 
great  number  of  rays,  proceeding  from  one  point  of  an  objed  ; 
and  as  each  ray  carries  with  it  the  image  of  the  point  from  whence 
it  proceeded,  all  the  rays  united  muff  form  an  image  of  the 
objed  from  whence  they  were  emitted.  This  image  is  brighter, 
in  proportion  as  there  are  more  rays  united  ; and  more  diflind, 
in  proportion  as  the  order,  in  which  they  proceeded,  is  better 
preferved  in  their  union.  This  may  be  rendered  evident ; for,  if 
a white  and  polifhed  plane  is  placed  where  the  union  is  formed, 
we  (hall  fee  the  image  of  the  objed  painted  in  all  it’s  colours  on 
this  plane  ; which  image  will  be  brighter,  if  all  adventitious  light, 
is  excluded  from  the  plane  on  which  it  is  received. 

The 
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'Ihe  point  of  union  of  the  rays  of  light,  formed  by  means  of 
a glafs  lens,  &c.  is  called  the  focus. 

I ;]  f | 

Now,  as  each  ray  carries  with  it  the  image  of  the  objeft  from 
whence  it  proceeded,  it  follows,  that  if  thofe  rays,  after  inter- 
fering each  other,  and  having  formed  an  image  at  their  inter- 
fection,  are  again  united  by  a refraftion  or  reflection,  they  will 
form  a new  image,  and  that  repeatedly,  as  long  as  their  order  is 
not  confounded  or  difturbed. 

It  follows  alfo,  that  when  the  progrefs  of  the  luminous  ray  is 
under  confideration,  we  may  look  on  the  image  as  the  objeCI, 
and  the  objeCf  as  the  image  ; and  confider  the  fecond  image,  as 
if  it  had  been  produced  by  the  firft  as  an  object,  and  fo  on. 

In  order  to  gain  a clear  idea  of  the  wonderful  effe&s  produced 
by  glaffes,  we  muff  proceed  to  fay  fomething  of  the  principles  of 
refraction. 

‘ 1 v.W  J)  i } H ' t J f r 

Any  body,  which  is  fo  conflituted  as  to  yield  a paffage  to  the 
rays  of  light,  is  called  a medium.  Air,  water,  glafs,  &c.  are 
mediums  of  light.  If  any  medium  affords  an  eafy  paffage  to  the 
rays  of  light,  it  is  called  a rare  medium;  but  if  it  does  not 
afford  an  eafy  paffage  to  thefe  rays,  it  is  called  a dense 

MEDIUM. 

Let  Z,  Fig.  2,  Plate  I.  be  a rare  medium,  and  Y a denfe  one ; 
and  let  them  be  feparated  by  the  plane  furface  G H.  Let  I K 
be  a perpendicular  to  it,  and  cutting  it  inC. 


With 
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With  the  center  C,  and  any  diftance,  let  a circle  be  defcribed. 
Then  let  AC  be  a ray  of  light,  falling  upon  the  denfe  medium. 
This  ray,  if  nothing  prevented,  would  go  forward  to  L ; but  be- 
caufe  the  medium  Y is  fuppofed  to  be  denfer  than  Z,  it  will  be 
bent  downward  toward  the  perpendicular  I K,  and  defcribe  the 
line  C B. 

The  ray  AC  is  called  the  incident  ray  ; and  the  ray  CB, 
the  refracted  ray. 

The  angle  AC  I is  called  the  anOle  of  incidence,  and  the 
angle  BCK  is  called  the  angle  of  refraction. 

If  from  the  point  A,  upon  the  right  line  Cl,  there  be  let  fall 
the  perpendicular  AD,  that  line  is  called  the  fine  of  the  angle  of 
incidence. 

In  the  fame  manner,  if  from  the  point  B,  upon  the  right  line 
I K,  there  be  let  fall  the  perpendicular  B E,  that  line  will  be  the 
line  of  the  angle  of  refra&ion. 

* ' ; I'  fl  ] ) \ , : ' ; [i  . . f i < - C I ' 1 . • ) 7 y » . 

The  fines  of  the  angles  are  the  meafures  of  the  refra&ions,  and 
this  meafure  is  constant ; that  is,  whatever  is  the  fine  of  the  angle 
of  incidence,  it  will  be  in  a conllant  proportion  to  the  fine  of  the 
angle  of  refraction,  when  the  mediums  continue  the  fame.  A 
general  idea  of  refra&ion  may  be  formed  from  the  following 
experiments. 

Let  A B C D,  Fig.  3,  Plate  I.  reprefent  a veffel  fo  placed,  with 
refpeft  to  the  candle  E,  that  the  fliadow  of  the  fide  A C may  fall 
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at  D,  Suppofe  the  veffel  to  he  now  filled  with  water,  andjthe 
{hadow  will  withdraw  to  d ; the  ray  oflight,  inftead  of  proceed- 
ing to  D,  being  refracted  or  bent  to  d.  And  there  is  no  doubt 
but  that  an  eye,  placed  at  d,  would  fee  the  candle  at  e,  in  the 
di  reft  ion  of  the  refrafted  ray  cl  A.  This  is  alfo  confirmed  by  the 
following  pleafing  experiment. 

Lay  a fhilling,  or  any  piece  of  money,  at  the  bottom  of  a 
bafon ; then  withdraw  from  the  bafon,  till  you  lofe  fight  of  the 
fhilling;  fill  the  bafon  nearly  with  water,  and  the  fhilling  will  be 
feen  very  plainly,  though  you  are  at  the  fame  diftance  from  it. 

Experiment  3.  Place  a flick  over  a bafon  which  is  filled  with 
water ; then  refieft  the  funs  rays,  fo  that  they  may  fall  perpen- 
dicularly on  the  furface  of  the  water ; the  fhadow  of  the  flick  will 

fall  on  the  fame  place,  whether  the  veffel  be  empty  or  full. 

✓ 

What  has  been  faid  of  water,  may  be  applied  to  any  tranf- 
parent  medium,  only  the  power  of  refraftion  is  greater  in  fome 
than  in  others.  It  is  from  this  wonderful  property,  that  we 
derive  all  the  curious  effefts  of  glafs,  which  make  it  the  fubjeft  of 
optics.  It  is  to  this  we  owe  the  powers  of  the  microfcope  and 
the  telefcope. 

To  produce  thefe  effefts,  pieces  of  glafs  are  formed  into  given 
figures,  which,  when  fo  formed,  are  called  lenfes.  The  fix  un- 
der-mentioned figures,  are  thofe  which  are  mofl  in  ufe  for  optical 
purpofes. 
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1.  A plane  glass,  one  that  is  flat  on  each  fide,  and  of  an 
equal  thicknefs  throughout.  F,  Fig.  13,  Plate  I. 

2.  A double  convex  glass,  one  that  is  more  elevated  to- 
wards the  middle  than  the  edge.  B,  Fig.  13,  Plate  I. 

3.  A double  concave  is  hollow  on  both  fides,  or  thinner 
in  the  middle  than  at  the  edges.  D,  Fig.  13,  Plate  L 

4.  A plano  convex,  flat  on  one  fide,  and  convex  on  the 
other.  A,  Fig.  13,  Plate  L 

5.  A plano  concave,  flat  on  one  fide,  and  concave  on  th& 
other.  C,  Fig.  13,  Plate  I. 

6.  A meniscus,  convex  on  one  fide*  concave  on  the  other, 
E,  Fig.  13,  Plate  L 

It  has  been  already  obferved,  that  light  proceeds  invariably 
from  a luminous  body,  in  flrait  lines,  without  the  leaft  devi- 
ation ; but  if  it  happen  to  pafs  from  one  medium  to  another,  it 
always  leaves  the  dire&ion  it  had  before,  and  aflumes  a new  one. 
After  having  taken  this  new  dire&ion,  it  proceeds  in  a flrait 
line,  till  it  meets  with  a different  medium,  which  again  turns 
it  out  of  it’s  courfe. 

* 1 

A ray  of  light,  paffing  obliquely  through  a plane  glafs,  will  go- 
out  in  the  fame  diredlion  it  entered,  though  not  precifely  in  the 
fame  line.  The  ray  CD,  Fig.  4,  Plate  I.  falling  obliquely 
upon  the  furface  of  the  plane  glafs  A B,  will  be  refra6led  towards 

the 
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the  glafs  in  the  dire&ion  D E ; but  when  it  comes  to  E,  it  will 
be  as  much  refra&ed  the  contrary  way.  If  the  ray  of  light  had 
fallen  perpendicularly  on  the  furface  of  the  plane  glafs,  it  would 
have  palfed  through  it  in  a (trait  line,  and  not  have  been 
refrafted  at  all. 

If  parallel  rays  of  light,  as  a b c d e f g,  Fig.  6,  Plate  I.  fall 
diredtly  upon  a convex  lens  A B,  they  will  be  fo  bent,  as  to 
unite  in  a point  C behind  it.  For  the  ray  d D,  which  falls  per- 
pendicularly upon  the  middle  of  the  glafs,  will  go  through  it 
without  fuffering  any  refraftion : but  thofe  which  go  through  the 
Tides  of  the  lens,  falling  obliquely  on  it’s  furface,  will  be  fo  bent, 
as  to  meet  the  central  ray  at  C.  The  further  the  ray  a is  from 
the  axis  of  the  lens,  the  more  obliquely  it  will  fall  upon  it.  The 
rays  ab  c d e fg  will  be  fo  refrafted,  as  to  meet  or  be  collefted  in 
the  point  F,  called  the  principal  focus,  whofe  diftance,  in  a 
double  convex  lens,  is  equal  to  the  radius  or  femi-diameter  of  the 
fphere  of  the  convexity  of  the  lens.  All  the  rays  crofs  the  middle 
ray  at  C,  and  then  diverge  from  it  to  the  contrary  fide,  in  the 
fame  manner  as  they  were  before  converged. 

If  another  lens,  of  the  fame  convexity,  as  A B,  Fig.  6,  Plate  I. 
be  placed  in  the  rays,  and  at  the  fame  dihance  from  the  focus, 
it  will  refraft  them,  fo  that  after  going  out  of  it,  they  will  all 
be  parallel  again,  and  go  on  in  the  fame  manner  as  they  came  to 
the  firft  glafs  A B,  but  on  the  contrary  fides  of  the  middle  ray. 

The  rays  diverge  from  any  radiant  point,  as  from  a principal 
focus:  therefore,  if  a candh  be  placed  at  C,  in  the  focus  of  the 
convex  lens  A B,  Fig.  6,  Plate  I.  the  rays  diverging  from  it  will 
6 . be 
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be  fo  refra&ed  by  the  lens,  that  after  going  out  of  it,  they  will 
become  parallel.  If  the  candle  be  placed  nearer  the  lens  than  it's 
focal  diltance,  the  rays  will  diverge  more  orlefs,  as  the  candle  is 
more  or  lefs  diflant  from  the  focus. 

If  any  objeft,  A B,  Fig.  7,  Plate  I.  be  placed  beyond  the  focus 
of  the  convex  lens  E F,  fome  of  the  rays  which  How  from  every 
point  of  the  objeff,  on  the  fide  next  the  glafs,  will  fall  upon  it, 
and  after  palhng  through  it,  they  will  be  converged  into  as  many 
points  on  the  oppofite  fide  of  the  glafs  ; for  the  rays  a b,  which 
flow  from  the  point  A,  will  converge  into  ab,  and  meet  at  C. 
The  rays  cd,  flowing  from  the  point  G,  will  be  converged  into 
c d,  and  meet  at  g ; and  the  rays  which  flow  from  B,  will  meet 
each  other  again  at  D ; and  fo  of  the  rays  which  flow  from  any  of 
the  intermediate  points  : for  there  will  be  as  many  focal  points 
formed,  as  there  are  radiant  points  in  the  objedt,  and  confe- 
quently  they  will  paint  on  a flieet  of  paper,  or  any  other  light- 
coloured  body,  placed  at  D g c,  an  inverted  image  of  the  objedf. 
If  the  objefl  is  brought  nearer  the  lens,  the  pifture  will  be  formed 
further  off.  If  it  be  placed  at  the  principal  focus,  the  rays  will 
go  out  parallel,  and  confequently  form  no  pifture  behind  the 
glafs. 

Kf  he  human  eye  is  fo  conflituted,  that  it  can  only  have  diflinft 
vif  on,  when  the  rays  which  fall  on  it  are  parallel,  or  nearly  fo; 
be>  au!e  tl  e retina,  on  which  the  image  is  painted,  is  placed  in 
th  focus  of  the  cryftalline  humor,  which  performs  the  office  of 
a s in  colledling  rays,  and  forming  the  image  in  the  bottom 
of  die  eye. 


The  . 


40 


Microscopical  Essays. 


The  pi&ure,  formed  by  a convex  lens,  is  either  larger  or  lefs 
than  the  objeft,  in  proportion  as  it’s  diftance  from  the  lens  is 
greater  or  lefs  than  it’s  diltance  from  the  objeft. 

As  an  objefl  becomes  perceptible  to  us,  by  means  of  the  image 
thereof  which  is  formed  on  the  retina,  it  will,  therefore,  be  feen 
in  that  direction,  in  which  the  rays  enter  the  eye  to  form  the 
image,  and  will  always  be  found  in  the  line,  in  which  the  axis  of 
a pencil  of  rays  flowing  from  it  enter  the  eye.  We  from  hence 
acquire  a habit  of  judging  the  objeCt  to  be  fituated  in  that  line. 
Note ; as  the  mind  is  unacquainted  with  the  refra&ion  the  rays 
fulfer  before  they  enter  the  eye,  it  judges  them  to  be  in  the  line 
produced  back,  in  which  the  axis  of  a pencil  of  rays  flowing  from 
it  is  fituated,  and  not  in  that  in  which  it  was  before  the  refra&ion. 

If  the  rays,  therefore,  that  proceed  from  an  objeCl,  are  re- 
fra&ed  and  reflected  feveral  times  before  they  enter  the  eye, 
and  thefe  refractions,  or  reflections,  change  confiderably  the 
original  direction  of  the  rays  which  proceed  from  the  objeCt ; it 
is  clear,  that  it  will  not  be  feen  in  that  line,  which  would  come 
flrait  from  it  to  the  eye ; but  it  will  be  feen  in  the  direction  of 
thofe  rays  which  enter  the  eye,  and  form  the  image  thereof  on  it. 

We  perceive  the  prefence  and  figure  of  objeCts,  by  the  im- 
prelfion  each  refpeCiive  image  makes  on  the  retina  ; the  mind,  in 
confequence  of  thefe  impreflions,  forms  conclufions  concerning 
the  fize,  pofition,  and  motion  of  the  objeCt.  It  mufl  however  be 
obferved,  that  thefe  conclufions  are  often  rectified  or  changed 
by  the  mind,  in  confequence  of  the  effeCts  of  more  habitual  im- 
prelfions.  For  example;  there  is  a certain  diflance,  at  which, 
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in  the  general  bufinefs  of  life,  we  are  accuftomed  to  fee  obje&s  : 
now,  though  the  meafure  of  the  image  of  thefe  objedls  changes 
confiderably  when  they  move  from,  or  approach  nearer  to  us,  yet 
we  do  not  perceive  that  their  fize  is  much  altered : but  beyond 
this  diftance,  we  find  the  objedls  appear  to  be  diminifhed,  or  in- 
creafed,  in  proportion  as  they  are  more  or  lefs  diftant  from  us. 

For  inftance,  if  I place  my  eye  (ucceflively  at  two,  at  four, 
and  at  fix  feet  from  the  fame  perfon,  the  dimenfions  of  the  image 
on  the  retina  will  be  nearly  in  the  proportion  of  1,  of  |,  of 
4-,  and  confequently  they  fhould  appear  to  be  diminifhed  in 
the  fame  proportion ; but  we  do  not  perceive  this  diminution, 
becaufe  the  mind  has  rectified  the  impreffion  received  on  the 
retina.  To  prove  this,  we  need  only  confider,  that  if  we  fee 
a perfon  at  120  feet  diftance,  he  will  not  appear  fo  ftrikingly 
fmall,  as  if  the  fame  perfon  fhould  be  viewed  from  the  top  of  a 
tower,  or  other  building,  120  feet  high,  a filuation  to  which  we 
had  not  been  accuftomed. 

From  hence,  alfo,  it  is  clear,  that  when  we  place  a glafs 
between  the  objedt  and  the  eye,  which  from  it’s  figure  changes 
the  diredlion  of  the  rays  of  light  from  the  objedl,  this  objedt 
ought  not  to  be  judged  as  if  it  were  placed  at  the  ordinary 
reach  of  the  fight,  in  which  cafe  we  judge  of  it’s  fize  more  by 
habit  than  by  the  dimenfions  of  the  images  formed  on  the  retina  : 
but  it  mud  be  eftimated  by  the  fize  of  the  image  in  the  eye, 
or  by  the  angle  formed  at  the  eye,  by  the  two  rays  which 
come  from  the  extremity  of  the  objedl. 
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If  the  image  of  an  objedl,  formed  after  refradtion,  is  greater  or 
lefs  than  the  angle  formed  at  the  eye,  by  the  rays  proceeding 
from  the  extremities  of  the  objedt  itfelf,  the  objedl  will  appear 
alfo  proportionably  enlarged  or  diminifhed  ; fo  that  if  the  eye 
approaches  to,  or  removes  from,  the  lafh  image,  the  objedl  will 
appear  to  increafe  or  diminifh,  though  the  eye  fhould  in  reality 
remove  from  it  in  one  cafe,  or  approach  towards  it  in  the  other ; 
becaufe  the  image  takes  place  of  the  object,  and  is  conlidered 
inllead  of  it. 

The  apparent  diltance  of  an  object  from  the  eye,  is  not  meafured 
by  the  real  diltance  from  the  lait  image  ; for,  as  the  apparent 
diltance  is  efiimated  principally  by  the  ideas  we  have  of  their  lize,  it 
follows,  that  when  we  fee  objedts,  v/hofe  images  are  increaled  or 
diminilhed  by  refradlion,  we  naturally  judge  them  to  be  nearer 
or  further  from  the  eye,  in  proportion  to  the  lize  thereof,  when, 
compared  to  that  with  which  we  are  acquainted.  The  apparent 
diltance  of  an  object  is  confiderably  affedted  by  the  brightnefs* 
diltindtnefs,  and  magnitude  thereof.  Now  as  thefe  circumltances 
are,  in  a certain  degree,  altered  by  the  refradtion  of  the  rays,  in 
their  palfmg  through  different  mediums,  they  will  alfo,  in  fome 
meafure,  affedt  the  eliimation  of  the  apparent  diltance. 

In  the  theory  of  vilion,  it  is  neceffary  to  be  cautious  not  to 
confound  the  organs  of  vifion  with  the  being  that  perceives,  or 
with  the  perceptive  faculty.  The  eye  is  not  that  whichffees,  it 
is  only  the  organ  by  which  we  fee.  A man  cannot  fee  the  fatel- 
lites  of  Jupiter  but  by  a telefcope.  Does  he  conclude  from  this, 
that  it  is  the  telefcope  that  fees  thofe  ftars  P By  no  means;  fuch  a 
conclulion  would  be  abfurd.  It  is  no  lefs  abfurd  to  conclude* 
6 ' that 
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that  it  is  the  eye  that  fees.  The  telefcope  is  an  artificial  organ 
of  fight,  but  it  fees  not.  The  eye  is  a natural  organ  of  fight,  by 
which  we  fee ; but  the  natural  organ  fees  as  little  as  the  artificial. 

The  eye  is  a machine,  molt  admirably  contrived  ibr  refradling 
the  rays  of  light,  and  forming  a diftinft  pi&ure  of  objefts  upon 
the  retina ; but  it  fees  neither  the  objedt  nor  the  pidiure.  It  can 
form  the  pidlure  after  it  is  taken  out  of  the  head,  but  no  vifion 
enfues.  Even  when  it  is  in  it’s  proper  place,  and  perfe&ly  found, 
it  is  well  known,  that  an  obflrudtion  in  the  optic  nerve  takes 
away  vifion,  though  the  eye  has  performed  all  that  belongs  to  it.* 

For  ufelefs  was  this  textur’d  f wonder  made. 

Were  nature,  beauteous  object ! undifplayed  ; 

Thofe  both  in  vain,  the  objedt  and  the  fight. 

Wrapt  from  the  radiance  of  revealing  light; 

As  vain  the  bright  illuminating  beam. 

Unwafted  by  the  medium’s  airy  ftream : 

Yet  vain  the  textur’d  eye,  and  objedl  fair. 

The  funny  lufire,  and  continuous  air ; 

Annull’d  and  blank  this  grand  illuftrious  fcene. 

All,  all  it’s  grace  and  lifelefs  glories  vain ; 

Till  from  th’ Eternal  fprung  this  effluent  foul, 

Form’d  to  infpebt,  and  comprehend  the  whole.  J 

F 2 Of 

* Reid  on  the  Intellectual  Powers  of  Man,  p.  78. 

t The  eye. 

X Brooke’s  Univerfal  Beauty,  p.  88. 
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Of  the  Single  Microscope. 

The  Tingle  microfcope  renders  minute  objeds  vifible,  by  means 
of  a fmall  glafs  globule,  or  convex  lens,  of  a fhort  focus.  Let 
E Y,  Fig.  11,  Plate  I.  reprefent  the  eye;  and  OB,  a fmall  ob- 
jed,  fituated  very  near  to  it,  confequently  the  angle  of  its 
apparent  magnitude  very  large.  Let  the  convex  lens  R S be  in- 
terpofed  between  the  eye  and  the  objed,  fo  that  the  diflance 
between  it  and  the  objed  may  be  equal  to  the  focal  length;  and 
the  rays  which  diverge  from  the  objed,  and  pafs  through  the 
lens,,  will  afterwards  proceed,  and  confequently  enter  the  eye 
parallel : after  which,  they  will  be  converged,  and  form  an  in- 
verted pidure  on  the  retina,  and  the  objed  will  be  clearly  feen  ; 
though,  if  removed  to  the  diflance  of  fix  inches,  it’s  fmallnefs. 
would  render  it  invihble. 

When  the  lens  is  not  held  clofe  to  the  eye,  the  objed  is  fome- 
what  more  magnified ; becaufe  the  pencils,  which  pafs  at  a 
diflance  from  the  center  of  the  lens,  are  refraded  inward  toward 
the  axis,  and  confequently  feem  to  come  from  points  more 
remote  from  the  center  of  the  objed,  as  may  be  feen  in  Fig.  12,. 
Plate  I.  where  the  pencils  which  proceed  from  O and  B are  re- 
Traded  inwards,  and  feem  to  come  from  the  point  i and  m.. 

Fig.  8,  Plate  I.  may,  perhaps,  give  the  reader  a flilf  clearer 
view,  why  a convex  lens  increafes  the  angle  of  vifion.  Without 
a lens,  as  F G,  the  eye  at  A would  fee  the  dart  B C under  the 
angle  b Ac;  but  the  rays  B F and  C G from  the  extremities  of 
the  dart  in  paffing  through  the  lens,  are  refraded  to  the  eye  in 
the  diredions  f A and  Ga,  which  caufes  the  dart  to  be  feen  under 
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the  much  larger  angle  DAE  (the  fame  as  the  angle  f A g).  And 
therefore,  the  dart  B C will  appear  fo  much  magnified,  as  to  ex- 
tend in  length  from  D to  E. 

The  objett,  when  thus  feen  diftin&ly,  by  means  of  the  fmaH 
lens,  appears  to  be  magnified  nearly  in  the  proportion  which 
the  focal  diffance  of  the  glafs  bears  to  the  diflance  of  the  objefts, 
when  viewed  by  the  naked  eye. 

To  explain  this  further,  place  the  eye  clofe  to  the  glafs,  that 
as  much  of  the  objed  may  be  feen  at  one  view  as  is  poffible ; 
then  remove  the  objeft  to  and  fro,  till  it  appears  perfe&ly 
diflinfl,  and  well  defined ; now  remove  the  lens,  and  fubflitute 
in  it’s  place  a thin  plate,  with  a very  fmall  hole  in  it,  and  the 
objeft  will  appear  as  diflinft,  and  as  much  magnified,  as  with  the 
lens,  though  not  quite  fo  bright ; and  it  appears  as  much  more 
magnified  in  this  cafe,  than  it  does  when  viewed  with  the  naked 
eye,  as  the  diflance  of  the  obje6i  from  the  hole,  or  lens,  is  lefs 
than  the  diflance  at  which  it  may  be  feen  diftin&ly  with  the  naked 
eye. 

From  hence  we  fee,  that  the  whole  effeft:  of  the  lens  is  to 
render  the  objeft  diftinfl,  which  it  does  by  afhfling  the  eye  to 
increafe  the  refraftion  of  the  rays  in  each  pencil ; and  that  the 
apparent  magnitude  is  entirely  owing  to  the  obje£!  being  feen  fo 
much  nearer  the  eye  than  it  could  be  viewed  without  it. 

Single  microfcopes  magnify  the  diameter  of  the  obje£f,  * as  we  - 
have  already  fhewn,  in  the  proportion  of  the  focal  diflance  (to  the 

limits 
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limits  of  diflinfl  vifion  with  the  naked  eye)  to  eight  inches.  For 
example,  if  the  fe mi-diameter  of  a lens,  equally  convex  on  both 
tides,  be  half  an  inch,  which  is  alfo  equal  to  it’s  focal  diflance, 
ve  hi  all  have  as  •§•  is  to  8,  fo  is  i to  16 ; that  is,  the  diameter 
or  the  objeft  in  the  proportion  of  fixteen  to  one.  2.  As  the 
diflance  of  eight  inches  is  always  the  fame,  it  follows,  that  by 
how  much  the  focal  diflance  is  final  ler,  there  will  be  a greater 
difference  between  it  and  the  eight  inches  ; and  confequently, 
the  diameter  of  the  objeft  will  be  fo  much  the  more  magnified, 
in  proportion  as  the  lenfes  are  fegments  of  fmaller  fpheres.  3.  If 
the  objeft  be  placed  in  the  focus  of  a glafs  globule  or  fphere,  and 
the  eye  be  behind  it  in  the  focus,  the  objeff  will  be  feen  diftinff: 
in  an  ere6t  fituation,  and  magnified  as  to  its  diameter,  in  the  pro- 
portion of  4 of  the  diameter  of  the  globule  to  eight  inches ; 
thus  fuppofe  the  diameter  of  the  fphere  to  be  TV  of  an  inch, 
then  4 of  this  will  be  equal  to  ^0 ; confequently,  the  real 
diameter  of  the  objeft  to  the  apparent  one,  as  -A  to  8,  or  as 
3 to  320,  or  as  1 to  160  nearly. 

Of  the  Double  or  Compound  Microscope. 

In  the  compound  microfcope,  the  image  is  viewed  inftead  of 
the  obje61,  which  image  is  magnified  by  a fingle  lens,  as  the  ob- 
ject is  in  a fingle  microfcope.  It  confifts  of  an  objefl  lens,  L N, 
Fig.  5,  Plate  I.  and  an  eye  glafs  F G.  The  obje6I  OB  is  placed 
a little  further  from  the  lens  than  it’s  principal  focal  diflance,  fo 
that  the  pencils  of  rays  proceeding  from  the  different  points  of 
the  objeft.  through  the  lens,  may  converge  to  their  refpe6!ive 
foci,  and  form  an  inverted  image  of  the  objeff  at  P O ; which 
image  is  viewed  by  the  eye  through  the  eye  glafs  F G,  which  is 
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I’o  placed,  that  the  image  may  be  in  it’s  focus  on  one  fide,  and 
the  eye  at  die  fame  diflance  on  the  other.  The  rays  of  each  pen- 
cil will  be  parallel,  after  paffing  out  of  the  glafs,  till  they  reach 
the  eye  at  E,  where  they  will  begin  to  converge  by  the  refractive 
powers  of  the  humours  ; and  after  having  crofted  each  other 
in  the  pupil,  and  paffed  through  the  chryftalline  and  vitreous 
humours,  they  will  be  collefted  in  points  on  the  retina,  and  form 
a large  inverted  image  thereon. 

It  will  be  eafy,  from  what  has  been  already  explained,  to  un- 
derhand the  reafon  of  the  magnifying  power  of  a compound 
microfcope.  The  objeft  is  magnified  upon  two  accounts  ; firft, 
becaufe  if  we  v’^wed  the  image  with  the  naked  eye,  it  would 
appear  as  much  larger  than  the  objeft,  as  the  image  is  really 
larger  than  it,  or  as  the  diflance  f R is  greater  than  the  diflance 
f b ; and  fecondly,  becaufe  this  piffure  is  again  magnified  by  the 
eye  glafs,  upon  the  principle  explained  in  the  foregoing  article 
on  vifion,  by  fingle  microfcopes. 

But  it  is  to  be  noted,  that  the  image  formed  in  the  focus  of  a 
lens,  as  is  i;e  cafe  in  the  compound  microfcope,  differs  from  the 
red  objeff  in  a \ery  efieniial  particular;  that  is  to  fay,  the  light 
being  emitted  from  the  object  in  every  dire&ion,  renders  it  vifible 
to  an  eye  placed  in  any  pofition;  but  the  points  of  the  image 
formed  by  a lens,  emitting  no  more  than  a fmall  conical  body  of 
rays,  which  arrives  from  the  glafs,  can  be  vifible  only  when  the 
eye  is  fituate  within  it’s  confine.  Thus  the  pencil,  which 
emanates  from  o in  the  objefl,  and  is  converged  by  the  lens  to 
M,  proceeds  afterwards  diverging  towards  H,  and  therefore, 
never  arrives  at  the  lens  F G,  nor  enters  the  eye  at  E.  But  the 
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pencils  which  proceed  from  the  points  o and  b,  will  be  received 
on  the  lens  F G,  and  by  it  carried  parallel  to  the  eye ; confe- 
quently,  the  correfpondent  points  of  the  image  Q P will  be 
vifible ; and  thofe  which  are  fituate  farther  out  towards  H and  I, 
Mull  not  be  feen.  This  quantity  of  the  image  QP,  or  vifible  area, 
is  called  the  field  of  view. 

Hence  it  appears,  that  if  the  image  be  large,  a very  fmall 
part  of  it  will  be  vifible;  becaufe  the  pencils  of  rays  will  for  the 
moft  part  fall  without  the  eye  glafs  F G.  And  it  is  likewife  plain, 
that  a remedy  which  would  caufe  the  pencils,  which  proceed 
from  the  extremes  O and  B of  the  object,  to  arrive  at  the  eye, 
will  render  a greater  part  of  it  vifible  ; or,  in  other  words,  enlarge 
the  field  of  view.  This  is  effeffed  by  the  interpofition  of  a broad 
lens  D E (Fig.  5,)  of  a proper  curvature,  at  a fmall  diffance  from 
the  focal  image.  For,  by  that  means,  the  pencil  DM,  wThich 
would  otherwife  have  proceeded  towards  H,  is  refracted  to  the 
eye,  as  delineated  in  the  figure,  and  the.  mind  conceives  from 
thence  the  exifience  of  a radiant  point  at  O,  from  which  the  rays 
1 aft  proceeded.  In  like  manner,  and  by  a parity  of  reafon,  the 
other  extreme  of  the  image  is  feen  at  P,  and  the  intermediate 
points  are  alfo  rendered  vifible.  On  thefe  confiderations  it  is, 
that  compound  microfcopes  are  ufually  made  to  confift  of 
an  objeft  lens  L N,  by  which  the  image  is  formed,  enlarged, 
and  inverted;  an  amplifying  lens  D E,  by  which  the  field  of  view 
is  enlarged,  and  an  eye  glafs  or  lens,  by  means  of  which  the  eye 
is  allowed  to  approach  very  near,  and  confequently  to  view  the 
image  under  a very  great  angle  of  apparent  magnitude.  It  is  now 
cuftomary  to  combine  two  or  more  lenfes  together  at  the  eye 
glafs,  in  the  manner  of  Euffachio  Divini  and  M.  Joblot;  by 
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which  means,  the  aberration  of  light  from  the  figure  is  in  fome 
meafure  corre&ed,  and  the  apparent  field  increafed. 

Of  the  Solar  Microscope. 

In  this  inftrument,  the  image  of  the  objedl  is  thrown  upon  a 
fcreen  in  a darkened  room.  It  may  be  confidered  under  two 
diftinft  heads  : ill,  the  mirror  and  lens,  which  are  intended  to 
reflet!  the  light  of  the  fun  upon  the  objed! ; and  2dly,  that 
part  which  conflitutes  the  microfcope,  or  which  produces  the 
magnified  image  of  the  objedi,  Fig.  10,  Plate  I.  Let  N O repre- 
fent  the  fide  of  a darkened  chamber,  G H a fmall  convex  lens,, 
fixed  oppofite  to  a perforation  in  the  fide  NO,  A B a plane 
mirror,  or  looking-glafs,  placed  without  the  room  to  refledl  the 
folar  rays  on  the  lens  C D,  by  which  they  are  converged  and  con- 
centrated on  the  objedl  fixed  at  E F. 

2.  The  objedl  being  thus  illuminated,  the  ray  which  proceeds 
from  E will  be  converged  by  the  lens  G H to  a focus  K,  on  the 
fcreen  L M ; and  the  ray  which  comes  from  F will  be  converged 
to  I,  and  the  intermediate  points  will  be  delineated  between  I and 
K ; thus  forming  a pidlure,  w'hich  will  be.  as  much  larger  than 
the  obje£i,  in  proportion  as  the  diftance  of  the  fcreen  exceeds 
that  of  the  image  from  the  objedl. 

* 

From  what  has  been  faid,  it  appears  plainly,  the  advantages  we 
gain  by  microfcopes  are  derived,  firft,  from  their  magnifying 
power,  by  which  the  eye  is  enabled  to  view  more  diftindlly 
the  parts  of  minute  objedls  : fecondly,  that  by  their  afliftance, 
more  light  is  thrown  into  the  pupil  of  the  eye,  than  is  done  with- 
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out  them.  The  advantages  procured  by  the  magnifying  power, 
would  be  exceedingly  circumfcribed,  if  they  were  not  accom- 
panied by  the  latter  : for  if  the  fame  quantity  of  light  is  diffufed 
over  a much  larger  furface,  it’s  force  is  proportionably  diminifhed; 
and  therefore  the  objeft,  though  magnified,  will  be  dark  and 
obfcure.  Thus,  fuppofe  the  diameter  of  the  objedt  to  be  enlarged 
ten  times,  and  confequently  the  furface  one  hundred  times,  yet, 
if  the  focal  diftance  of  the  glafs  was  eight  inches,  (provided  this 
was  pofhble)  and  it’s  diameter  only  about  the  fize  of  the  pupil  of 
the  eye,  the  objeft  would  appear  one  hundred  times  more  obfcure 
when  viewed  through  the  glafs,  than  when  it  was  feen  by  the 
naked  eye  ; and  this  even  on  the  fuppofition,  that  the  glafs  tranf- 
mitted  all  the  light  which  fell  upon  it,  which  no  glafs  can  do. 
But  if  the  glafs  was  only  four  inches  focal  diftance,  and  it’s 
diameter  remained  as  before,  the  inconvenience  would  be  vaftly 
diminifhed  ; becaufe  the  glafs  could  be  placed  twice  as  near  the 
objeft  as  before,  and  would  confequently  receive  four  times  as 
many  rays  as  in  the  former  cafe,  and  we  (liould  therefore  fee  it 
much  brighter  than  before.  By  going  on  thus,  diminifliing  the 
focal  diftance  of  the  glafs,  and  keeping  it’s  diameter  as  large  as 
pofhble,  we  fhall  perceive  the  objefft  proportionably  magnified, 
and  yet  remain  bright  and  diftindt.  Though  this  is  the  cafe  in 
theory,  yet  there  is  a limit  in  optical  inftruments,  which  is  foon 
arrived  at,  but  which  cannot  be  paffed.  This  arifes  from  the 
following  circumftances.* 

2.  The  quantity  of  light  loft  in  palhng  through  the  glafs. 


* Encyclopedia  Bi  tannica,  vol.  viii.  p.  5635 . 
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2.  The  diminution  in  the  diameter  of  the  glafs  or  lens  itfelf,  by 
which  it  receives  only  a fmall  quantity  of  rays. 

3.  The  extreme  fhortnefs  of  the  focal  didance  of  great  mag- 
nifiers, whereby  the  free  accefs  of  the  light  to  the  objeft  we  wilh 
to  view  is  impeded,  and  confequently  the  refledlion  of  the  light 

from  it  is  weakened. 

4.  The  aberration  of  the  rays,  occafioned  by  their  different 

refrangibility. 

To  make  this  more  clear,  let  us  fuppofe  a lens  made  of  fuch 
dull  kind  of  glafs,  that  it  tranfmits  only  one  half  the  light  that 
falls  upon  it.  It  is  evident,  that  fuppofing  this  lens  to  be  of  four 
inches  focus,  and  to  magnify  the  diameter  of  the  objedl  twice, 
and  it’s  own  breadth  equal  to  that  of  the  pupil  of  the  eye,  the 
objedt  will  be  four  times  magnified  in  furface,  but  only  half  as 
bright  as  if  it  was  feen  by  the  naked  eye  at  the  ufual  diftance ; for 
the  light  which  falls  upon  the  eye  from  the  objedl  at  eight  inches 
diftance,  and  likewife  the  furface  of  the  objedl  in  it’s  natural  fize, 
being  both  reprefented  by  1,  the  furface  of  the  magnified  objedt 
will  be  4,  and  the  light  which  makes  it  vifible  only  2 ; becaufe 
though  the  glafs  receives  four  times  as  much  light  as  the  naked 
eye  does  at  the  ufual  diftance  of  diftindl  vifion,  yet  one  half  is  loft 
in  pafling  through  the  glafs.  The  inconvenience,  in  this  refpedl, 
can  only  be  removed  fo  far  as  it  is  poftible  to  increafe  the  tranf- 
parency  of  the  glafs,  that  it  may  tranfmit  nearly  all  the  rays 
which  fall  upon  it ; and  how  far  this  can  be  done,  has  not  been 
yet  afcertained. 
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The  fecond  obfiacle  to  the  perfe&ion  of  microfcopic  glades,  is 
the  fmall  fize  of  great  magnifiers  ; by  which  means,  notwithstand- 
ing their  near  approach  to  the  objeft,  they  receive  a fmaller 
quantity  of  light  than  might  be  expe&ed.  Thus,  fuppofe  aglafs  of 
only  one-tenth  of  an  inch  focal  difiance,  fuch  aglafs  would  increafe 
the  vifible  diameter  eighty  times,  and  the  furface  6400  times.  If 
the  breadth  of  the  glafs  could  at  the  fame  time  be  preferved  as 
great  as  the  pupil  of  the  eye,  which  we  final  1 fuppofe  one-tenth  of 
an  inch,  the  objeff  would  appear  magnified  6400  times,  and  every 
part  would  be  as  bright  as  it  appears  to  the  naked  eye.  But  if  we 
fuppofe  the  lens  to  be  only  ^0  of  an  inch  diameter,  it  will  then 
only  receive  i of  the  light  which  would  otherwife  have  fallen 
upon  it ; therefore,  infiead  of  communicating  to  the  magnified 
objeT  a quantity  of  light  equal  to  6400,  it  would  commmicate 
an  illumination  fuited  only  to  1600,  and  the  magnified  objeft 
would  appear  four  times  as  dim  as  it  does  to  the  naked  eye.  This 
inconvenience  can,  however,  be  in  a great  degree  removed,  by 
throwing  a much  larger  quantity  of  light  on  the  objeft.  Various 
methods  of  effefling  this  purpofe  will  be  pointed  out  in  the 
courfe  of  the  work. 

Ti  e third  obfiacle  arifes  from  the  fhoitnefs  of  the  focal 
diftance  in  large  magnifiers  ; this  inconvenience  can,  like  the 
former,  be  remedied  in  fome  degree  by  artificial  means  of  accu- 
mulating light ; but  Hill  the  eye  is  fo  ftrained,  as  it  muft  be 
brought  nearer  the  glafs  than  it  can  well  bear,  which  in  fome  mea- 
fure  fuperfedes  the  ufe  of  very  deep  lenfes,  or  fuch  as  are  capable 
of  magnifying  beyond  a certain  degree. 
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The  fourth  obftacle  which  arifes  from  the  different  refrangi- 
bility  of  the  rays  of  light,  and  which  frequently  caufes  fuch 
deviations  from  truth  in  the  appearance  of  things,  that  many  have 
imagined  themfelves  to  have  made  furprizing  difcoveries,  and  have 
communicated  them  as  fuch  to  the  world ; when,  in  faft,  they 
have  been  only  optical  deceptions,  owing  to  the  unequal  refrac- 
tion of  the  rays.  In  telefcopes,  this  error  has  been  happily 
correfted  by  Mr.  Dollond’s  valuable  difcovery  of  achromatic 
glaffes  ; but  how  far  this  invention  is  applicable  to  the  improve- 
ment of  microfcopes,  has  not  yet  been  afcertained ; and  indeed 
there  is  fome  reafon  for  fuppoling,  they  cannot  be  fuccefsfully 
applied  to  them  ; fo  that  this  obftacle  remains  yet  to  be  remedied, 
before  microfcopes  can  be  faid  to  have  received  their  ultimate 
degree  of  perfeftion. 

Of  the  Magnifying  Powers  of  the  Microscope. 

We  have  already  treated  of  the  apparent  magnitude  of  objedls, 
and  fhewn  that  they  are  mea fured  by  the  angles  under  which  they 
are  feen,  and  that  this  angle  is  greater  or  fmaller,  according  as 
the  objedt  is  nearer  to,  or  further  from,  the  eye ; and  con- 
fequently,  the  lefs  the  diflance  at  which  it  can  be  viewed,  the 
larger  it  will  appear : but  from  the  limits  of  natural  vifion,  the 
naked  eye  cannot  diftinguifh  an  objedt  that  is  very  near  to  it ; yet, 
when  affifted  by  a convex  lens,  diftindl  vifion  is  obtained,  how- 
ever fhort  the  focus  of  the  lens,  and  confequently,  how  near 
foever  the  objedt  is  to  the  eye ; and  the  fhorter  the  focus  of 
the  lens  is,  the  greater  will  be  the  magnifying  power  thereof. 
From  thefe  confi derations,  it  will  not  be  difficult  to  eflimate  the 
magnifying  power  of  any  lens  ufed  as  a fingle  microfcope ; for 
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this  will  be  in  the  fame  proportion  that  the  limits  of  natural  fight 
bear  to  the  focus  of  the  lens.  If,  for  inftance,  the  convex  lens  is 
of  one  inch  focus,  and  the  natural  fight  of  eight  inches,  an  ob- 
ject feen  through  that  lens  will  have  it’s  diameter  apparently 
increafed  eight  times  ; but  as  the  objefif  is  increafed  in  every 
clire£lion,  we  muft  fquare  this  apparent  diameter,  to  know  how 
much  the  object  is  really  magnified ; and  thus  multiplying  8 by  8, 
we  find  the  fuperficies  is  magnified  64  times. 

From  thefe  principles,  the  following  general  rule  for  afcertain- 
ing  the  magnifying  power  of  fingle  lenfes,  is  deduced.  Place  a 
fmall  thin  tranfparent  objefii  on  the  ftage  of  the  microfcope, 
adjuft  the  lens  till  theobjeft  appears  perfefitly  diftinft,  then  mea- 
fure  the  difiance  accurately  between  the  lens  and  the  object, 
reduce  the  meafure  thus  found  to  the  hundredths  of  an  inch,  and 
calculate  how  many  times  this  meafure  is  contained  in  eight 
inches,  firft  reducing  the  eight  inches  into  hundredths,  which 
will  give  you  the  number  of  times  the  diameter  of  the  objefi  is 
magnified ; which  number  multiplied  into  itfelf,  or  fquared, 
gives  the  apparent  fuperficial  magnitude  of  the  objefib 

As  only  one  fide  of  an  object  can  be  viewed  at  a time,  it  is 
fufficient,  in  general,  to  know  how  much  the  furface  thereof  is 
magnified : but  when  it  is  necefl'ary  to  know  how  many  minute 
objefts  are  contained  in  a larger,  as  for  infiance,  how  many  given 
animalcula  are  contained  in  the  bulk  of  a grain  of  fand,-  then  we 
muft  cube  the  firft  number,  by  which  means  we  fhall  obtain  the 
folidity  or  magnified  bulk. 
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The  foregoing  rule  has  been  alfo  applied  to  eftimate  the  mag- 
nifying power  of  the  compound  microfcope.  To  this  application, 
Mr.  Magny,  in  the  “journal  d’Economie  pour  les  mois  d’Aout 
1753,”  ^ias  ma<^e  feveral  obje&ions  : one  or  two  of  thefe  I (hall 
juft  mention  : the  firft  is  the  difficulty  of  afcertaining  with  accu- 
racy the  precife  focus  of  a fmall  lens ; the  fecond  is  the  want  of  a 
fixed  or  known  meafure,  with  which  to  compare  the  focus  when 
afcertained.  Thefe  confiderations,  though  apparently  trifling, 
will  be  found  of  importance  in  the  calculations  which  are  relative 
to  deep  magnifiers.  To  this  it  may  be  further  added,  that  the 
fame  ftandard  or  fixed,  meafure  cannot  be  aflumed  for  a fhort- 
ftghted,  that  is,  ufed  for  a well-conftituted  eye.  To  obviate 
thefe  difficulties,  and  fome  errors  in  the  methods  which  were 
recommended  by  Meff.  Baker  and  Needham,  Mr.  Magny  offers 
the  following 

Proposition. 

All  convex  lenfes,  of  whatfoever  focus,  double  the  apparent 
diameter  of  an  objeft,  provided  that  the  objefi  is  at  the  focus  of 
the  glafs  on  one  fide,  and  the  eye  is  at  the  fame  diftance,  or  on 
the  focus  of  the  glafs,  at  the  oppofite  fide. 

Experiment. 

Take  a double  convex  lens,  of  fix  or  eight  inches  focus,  and 
fix  it  as  at  A,  Fig.  1,  (Plate  II.  A,)  into  the  piece  A,  which  is  fixed 
perpendicular  to  the  rule  F G,  and  may  be  Aid  along  it  by  means 
of  it’s  focket : the  rule  is  divided  into  inches  and  parts.  Pafte  a 
piece  of  white  paper,  two  or  three  tenths  of  an  inch  broad,  and 
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three  inches  long,  on  the  board  D ; draw  three  lines  with  ink  on 
this  piece  of  paper,  fo  as  to  divide  it  into  four  equal  parts,  taking 
care  that  the  middle  of  the  paper  cortefponds  with  the  center  of 
the  lens.  There  is  alfo  a hiding  eye-piece,  which  is  reprefented 
at  e. 

Take  this  apparatus  into  the  darkeft  part  of  the  room,  but  op- 
pofite  to  the  window ; direft  the  glafs  towards  any  remarkable 
and  diftant  objedf  which  is  out  of  doors,  and  move  the  hiding 
piece  B,  until  the  image  of  the  obiedf  on  the  paper  is  (harp  and 
clear.  The  dihance  between  the  face  of  the  paper  and  the  lens, 
(which  is  fhewn  on  the  hde  of  the  rule  by  the  divihons  thereon) 
is  the  focus  of  the  glafs  ; now  fet  the  eye-piece  e E to  the  fame 
dihance  on  the  other  fide  of  the  glafs,  then  with  one  eye  clofe  to 
the  fight  at  e,  look  at  the  magnified  image  of  the  lines,  and 
with  the  other  eye  at  the  lines  themfelves  : the  image,  feen  by 
means  of  the  glafs,  and  expreffed  in  the  figure  by  the  dotted 
lines,  will  be  double  the  breadth  of  the  fame  objeft  feen  by  the 
natural  eye.  This  will  be  found  to  be  true,  whatfoever  is  the  focus 
of  the  lens  with  which  the  experiment  is  made. 

This  experiment  is  rendered  more  fimple  to  thofe  who  are  not 
accuffomed  to  obferve  with  both  eyes  at  the  fame  time,  by 
making  ufe  of  half  a lens,  and  placing  the  diameter  perpendicular 
to  the  rule,  as  they  may  then  readily  view  the  magnified  image 
and  real  objeft  with  the  fame  glance  of  the  eye,  and  thus  com- 
pare them  together  with  eafe  and  accuracy. 

Let  the  angle  A F B,  Fig.  3,  Plate  II.  A,  reprefent  that  which  is 
formed  at  the  naked  eye,  by  the  rays  of  light  which  pafs  from  the 
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extremities  of  the  objedl,  and  unite  at  the  eye  in  the  point  F. 
The  angle  DFE  is  formed  of  the  two  rays,  which  at  firft  proceeded 
parallel  to  each  other  from  the  extremities  of  the  objedt,  but  that 
were  afterwards  fo  refradled,  or  bent,  by  pafting  through  the 
glafs,  as  to  unite  at  it’s  focal  point  F.  C O is  equal  to  the  focal 
diftance  of  the  lens  on  the  fide  next  the  objedf,  C F equal  thereto 
on  the  fide  next  the  eye,  F O the  diftance  of  the  eye. 

From  the  allowed  principles  of  optics,  it  is  evident,  that  the 
objedl  would  appear  double  the  fize  to  the  eye  at  C,  that  it  would 
to  the  eye  when  placed  at  F ; becaufe  the  diftance  F O is  double 
the  diftance  CO.  We  have  only  to  prove  then,  that  the  angle 
A C B is  equal  to  the  angle  I F K,  in  order  to  eftablifh  the 
propofition. 

The  optical  axis  is  perpendicular  to  the  glafs  and  the  furface  of 
the  objedl.  The  rays  A I,  B K,  which  flow  from  the  points  A B, 
are  parallel  to  each  other,  and  perpendicular  to  the  glafs,  till 
they  arrive  at  it ; they  are  then  refradfed,  and  proceed  to  F, 
where  they  form  the  triangle  I F K,  refting  on  the  bafe  I K : now 
as  C F is  equal  to  C O,  and  I K is  equal  to  A B,  the  two  tri- 
angles ACB  IFK  are  ftmilar,  and  confequently  the  angle 
at  C is  equal  to  the  angle  F.  If  the  vifual  rays  are  continued  to 
the  furface  of  the  objedf,  they  wall  form  the  triangle  D F E, 
equiangled  to  the  triangle  ABC;  and  therefore,  as  C O is  to  A B, 
fo  is  F D to  D E ; and  confequently,  the  apparent  diameter  of 
the  objedl  feen  through  the  lens,  is  double  the  ftze  that  it  is  when 
viewed  by  the  naked  eye.  No  notice  is  here  taken  of  the  double 
refradrion  of  the  rays,  as  it  does  not  affedt  the  demonft ration. 
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If  you  advance  towards  M,  half  the  focal  diflance,  the  apparent 
diameter  will  be  only  increafed  one-third.  If,  on  the  contrary 
the  point  of  fight  is  lengthened  to  double  the  diflance  of  it’s 
focus,  then  the  magnified  diameter  will  appear  to  be  three  times, 
that  of  the  real  objedl  Mr.  Magny  concludes  from  hence,  that 
there  is  an  impropriety  in  efiimating  the  magnifying  power  of  the 
eye  glafs  of  compound  micro fcopes,  by  feeing  how  often  it’s  focus 
is  contained  in  eight  or  ten  inches  ; and  to  obviate  thefe  defedls, 
he  recommends  two  methods  to  be  ufed,  which  reciprocally  con- 
firm each  other. 

The  firft  and  moft  fimple  method  to  find  how  much  any  com- 
pound microfcope  magnifies  an  objedt,  is  the  fame  which  is 
defcribed  by  Dr.  Hooke  in  his  Micrographia,  and  is  as  follows : 
place  an  accurate  fcale,  which  is  divided  into  very  minute  parts., 
of  an  inch,  on  the  fiage  of  your  microfcope ; adjufl  the  micro- 
fcope, till  thefe  divifions  appear  diflindl ; then  obferve  with  the 
other  eye  how  many  divifions  of  a rule,  fimilarly  divided  and* 
held  at  the  flage,  are  included  in  one  of  the  magnified  divifions  ; 
for  if  one  divilion,  as  feen  with  one  eye  through  the  microfcope^ 
extends  to  thirty  divifions  on  the  rule,  which  is  feen  by  the  naked 
eye,  it  is  evident,  that  the  diameter  of  the  objedl  is  increafed  or 
magnified  thirty  times. 


For  this  purpoie,  we  often  ufe  a fmall  black  eb;ony  rule,  (fee 
Fig.  4,  Plate  II.  A,)  three  or  four  tenths  of  an  inch  broad,  and 
about  feven  inches  long;  at  each  inch  is  fixed  a piece  of  ivory, 
the  firfl  inch  is  entirely  of  ivory,  and  fubdivided  into  ten  equal 
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2.  A piece  of  glafs,  Fig.  2,  fixed  in  a brafs  or  ivory  Aider;  on 
the  diameter  of  this  are  drawn  two  parallel  lines,  about  three- 
tenths  of  an  inch  long  ; each  tenth  being  divided,  one  into  three, 
the  fecond  into  four,  the  third  into  five  parts.  To  ufe  this,  place 
the  glafs,  Fig.  2,  on  the  middle  oftheffage,  and  the  rule,  Fig.  4, 
on  one  fide,  but  parallel  to  it ; then  look  into  the  microfcope 
with  one  eye,  keeping  the  other  open,  and  obferve  how  many 
parts  one-tenth  of  a line  in  the  microfcope  takes  in  upon  the 
parts  of  the  rule  feen  by  the  naked  eye.  For  inftance,  fuppofe 
with  a fourth  magnifier,  that  one- tenth  of  an  inch  magnified 
anfwers  in  length  to  forty  tenths  or  parts  on  the  rule,  when  feen 
by  the  naked  eye,  then  this  magnifier  increafes  the  diameter  of 
the  objedl  forty  times. 

This  mode  of  aftual  admeafurement  is,  without  doubt,  the 
moff  fimple  that  can  be  ufed  ; by  it  we  comprehend,  as  it  were, 
at  one  glance,  the  different  effedls  of  combined  glafies ; it  faves 
the  trouble,  and  avoids  the  obfcurity  that  attends  the  ufual  modes 
of  calculation ; but  many  perfons  find  h exceedingly  difficult  to 
adopt  this  method,  becaufe  they  have  not  been  accuftomed  to 
obferve  with  both  eyes  at  once.  We  fhall  therefore  proceed  to 
defcribe  another  method,  which  has  not  this  inconvenience. 

Of  the  Needle  Micrometer. 

Fig.  8,  Plate  II.  A,  reprefents  this  micrometer.  The  firft  . of 
this  kind  was  made  by  my  father,  and  was  defcribed  by  him  in 
his  Micrographia  Illuflrata.  It  confiffs  of  a fcrew,  which  has 
fifty  threads  to  an  inch  ; this  fcrew  carries  an  index,  which  points 
to  -the  divifions  on  a circular  plate,  which  is  fixed  at  right  angles 
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to  the  axis  of  the  fcrew.  The  revolutions  of  the  fcrew  are 
counted  on  a fcale,  which  is  an  inch  divided  into  fifty  parts  ; the 
index  to  thefe  divifions  is,  a flower  de  luce  marked  upon  the 
Aider,  which  carries  the  needle  point  acrofs  the  field  of  the  micro- 
fcope.  Every  revolution  of  the  micrometer  fcrew  meafures 
part  of  an  inch,  which  is  again  fubdivided  by  means  of  the 
divifions  on  the  circular  plate,  as  this  is  divided  into  twenty  equal 
parts,  over  which  the  index  pafies  at  every  revolution  of  the 
fcrew ; by  which  means,  we  obtain  with  eafe  the  meafure  of  one 
thoufandth  part  of  an  inch  : for  50,  the  number  of  threads  on  the 
fcrew  in  one  inch,  being  multiplied  by  20  the  divifions  on  the 
circular  plate,  are  equal  to  1000 ; fo  that  each  divifion  on  the  cir- 
cular plate  fhews,  that  the  needle  has  either  advanced  or  receded, 
one  thoufandth  part  of  an  inch. 

To  place  this  micrometer  on  the  body  of  the  microfcope,  open 
the  circular  part  F K H,  Fig.  8,  Plate  II.  A,  by  taking  out  the 
fcrew  G,  throw  back  the  femicircle  F K which  moves  upon  a 
joint  at  K,  then  turn  the  Aiding  tube  of  the  body  of  the  micro- 
fcope, fo  that  the  fmall  holes  which  are  in  both  tubes  may  exaftly 
coincide,  and  let  the  needle  g of  the  micrometer  have  a free 
paAage  through  them ; after  this,  fcrew  it  faft  upon  the  body  by 
the  fcrew  G. 

The  needle  will  now  traverfe  the  field  of  the  microfcope,  and 
meafure  the  length  and  breadth  of  the  image  of  any  objeft  that  is 
applied  to  it.  But  further  afiifiance  mull:  be  had,  in  order  to 
meafure  the  objea  itfelf,  which  is  a fubjeft  of  real  importance ; 
for  though  we  have  afcertained  the  power  of  the  microfcope,  and 
know  that  it  is  fo  many  thoufand  times,  yet  this  will  be  of  little  ' 
A afiifiance 
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afliftance  towards  afcertaining  an  accurate  idea  of  it’s  real  fize ; 
for  our  ideas  of  bulk  being  formed  by  the  comparifon  of  one  ob- 
j eft  with  another,  we  can  only  judge  of  that  of  any  particular 
body,  by  comparing  it  with  another  whofe  fize  is  known : the 
fame  thing  is  neceflary,  in  order  to  form  an  eflimate  by  the 
microfcope ; therefore,  to  afcertain  the  real  meafure  of  the  ob- 
jeft,  we  mult  make  the  point  of  the  needle  pafs  over  the  image  of 
a known  part  of  an  inch  placed  on  the  ftage,  and  write  down  the 
revolutions  made  by  the  fcrew,  while  the  needle  palled  over  the 
image  of  this  known  meafure  ; by  which  means,  we  afcertain  the 
number  of  revolutions  on  the  fcrew,  which  are  adequate  to  a real 
and  known  meafure  on  the  ftage.  As  it  requires  an  attentive  eye 
to  watch  the  motion  of  the  needle  point,  as  it  paftes  over  the 
image  of  a known  part  of  an  inch  on  the  ftage,  we  ought  not  to 
truft  to  one  fingle  meafurement  of  the  image,  but  ought  to  repeat 
it  at  leaft  fix  times ; then  add  the  fix  meafures  thus  obtained  to- 
gether, and  divide  their  fum  by  fix,  or  the  number  of  trials  ; the 
quotient  will  be  the  mean  of  all  the  trials.  This  refult  is  to  be 
placed  in  a column  of  a table,  next  to  that  which  contains  the 
number  of  the  magnifiers. 

By  the  aftiftance  of  the  feftoral  fcale,  we  obtain  with  eafe  a 
fmall  part  of  an  inch.  This  fcale  is  fhewn  at  Fig.  5,  6,  7,  Plate 
II.  A,  in  which,  the  two  lines  ca  cb,  with  the  fide  a b,  form  an 
ifofceles  triangle ; each  of  the  fides  is  two  inches  long,  and  the 
bafe  one-tenth  of  an  inch.  The  longer  fides  may  be  of  any  given 
length,  and  the  bafe  flill  only  of  one-tenth  or  an  inch.  T he 
longer  lines  may  be  confidered  as  the  line  of  lines  upon  a feftor 
opened  to  one-tenth  of  an  inch.  Hence,  whatever  number  of 
equal  parts  ca  cb  are  divided  into,  their  tranfverfe  meafure  will 
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ce  luch  a part  of  one-tenth,  as  is  expreffed  by  their  divifioris. 

Thus,  if  it  be  divided  into  ten  equal  parts,  this  will  divide  the 

inch  into  one  hundred  equal  parts  ; the  fir  ft  divifion  next  c will 

be  equal  to  one  hundredth  part  of  an  inch,  becaufe  it  is  the  tenth 

part  of  one -tenth  of  an  inch.  If  thefe  lines  are  divided  into 

twenty  equal  parts,  the  inch  will  be  by  that  means  divided  into 

two  hundred  equal  parts.  Laftly,  if  ab  ca  are  made  three 

inches  long,  and  divided  into  one  hundred  equal  parts,  we  obtain 

with  cafe  the  one  thoufandth  part.  The  fcale  is  reprefented  as 

folid  at  Fig.  6,  but  as  perforated  at  Fig.  5 and  7 ; fo  that  the  light 

paffes  through  the  aperture,  when  the  fedoral  part  is  placed  on 

the  ft  age. 

♦ 

To  ufe  this  fcale,  firft,  fix  the  micrometer,  Fig.  8,  Plate  II.  A, 
to  the  body  of  the  microfcope  ; then  fit  the  fedoral  fcale,  Fig.  7, 
in  the  ftage,  and  adjuft  the  microfcope  to  it's  proper  focus  or 
diftance  from  the  fcale,  which  is  to  be  moved  till  the  bafe  appears 
in  the  middle  of  the  field  of  view ; then  bring  the  needle  point  g, 
Fig.  8,  (by  turning  the  fcrew  L)  to  touch  one  of  the  lines  ca  ex- 
adly  at  the  point  anfwering  to  20  on  the  fedoral  fcale.  The 
index  a of  the  micrometer,  Fig.  8,  is  to  be  fet  to  the  firft  divifion, 
and  that  on  the  dial  plate  to  20,  which  is  both  the  beginning  and 
end  of  it’s  divifions  : we  are  then  prepared  to  find  the  magnifying 
power  of  every  magnifier  in  the  compound  microfcope  which  we 
are  ufing. 

\ 

Example ; every  thing  being  prepared  agreeable  to  the  fore- 
going diredions,  fuppofe  you  are  defirous  of  afeertaining  the 
magnifying  power  of  the  lens  marked  No.  4 ; turn  the  micrometer 
fcrew,  until  the  point  of  the  needle  has  pafied  over  the  magnified 
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image  of  the  tenth  part  of  one  inch  ; then  the  divifion,  where  the 
two  indices  remain,  wilL  £hew  how  many  revolutions,  and  parts 
of  a revolution,  the  fcrew  has  made,  while  die  needle  point 
traverfed  the  magnified  image  of  the  one-tenth  of  an  inch  ; fup- 
pofe  the  refult  to  be  twenty-fix  revolutions  of  the  fcrew,  and- 
fourteen  parts  of  another  revolution,  this  is  equal  to  26  multir 
plied  by  20,  added  to  14  ; that  is,  534  thoufandth  parts  of  an 
inch. 

Ak 

The  twenty-fix  divifions  found  on  the  ftrait  fcafe  of  the 
micrometer,  while  the  point  of  the  needle  paffed  over  the  magni- 
fied image  of  one-tenth  part  of  an  inch,  were  multiplied  by  20, 
becaufe  die  circular  plate  C D,  Fig.  8,  is  divided  into  20  equal 
parts*;  this  produced  520;  then  adding  the  fourteen  parts  of  the 
next  revolution,  we  obtain  the  534  thoufandth  parts  of  an  inch, 
or  5 tenths  and  34  hundredth  parts  of  another  tenth,  which 
is  the  meafure  of  the  magnified  image  of  one-tenth  of  an  inch, 
at  the  aperture  of  the  eye  glafles,  or  at  their  foci.  Now  if  we 
fuppofe  the  focus  of  the  two  eye  glaffes  to  be  one  inch,  the  dou- 
ble thereof  is  two  inches ; or  if  we  reckon  in  the  thoufandth 
part  of  an  inch,  we  have  two  thoufand  parts  for  the  diftance  of 
the  eye  from  the  needle  point  of  the  micrometer.  Again,  if  we 
take  the  diffance  of  the  image  from  the  obje£t  at  the  flage  at  fix 
inches,  or  fix  thoufandths,  and  add  thereto  two  thoufand,  double 
the  diftance  of  the  focus  of  the  eye  glafs,  we  fhall  have  eight 
thoufand  parts  of  an  inch  for  the  diftance  of  the  eye  from  the  ob- 
je£t ; and  as  from  the  propofition,  page  55,  we  gather  that  the 
glafles  double  the  image,  we  muft  double  the  number  334  found 
upon  the  micrometer,  which  then  makes  io58:  then,  by  the 
following  analogy,  we  fhali  obtain  the  number  of  times  the 
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microfcbpe  magnifies  the  diameter  of  the  objedl ; fay,  as  240, 
the  diflance  of  the  eye  from  the  image  of  the  objedl,  is  to  800, 
the,  dill  a nee  of  the  eye  from  the  objedl,  fo  is  1068,  double  the 
meafure  found  on  the  micrometer,  to  3 563,  or  the  number  of 
times  the  microfcope  magnifies  the  diameter  of  the  objedl.  By 
working  in  this  manner,  the  magnifying  power  of  each  lens  ufed 
with  the  compound  microfcope,  may  be  eafily  found,  though  the 
refult  will  be  different  in  different  compound  microfcopes,  vary- 
ing according  to  the  combination  of  the  lenfes,  their  diflance 
from  the  objedl  and  one  another,  &c. 

Having  difeovered  the  magnifying  power  of  the  microfcope, 
with  the  different  objedl  lenfes  that  are  ufed  therewith,  our  next 
fubjedt  is  to  find  out  the  real  fize  of  the  objedls  themfelves,  and 
their  different  parts  ; this  is  eafily  effected,  by  finding  how  many 
revolutions  of  the  micrometer-fcrew  anfwer  to  a known  meafure 
on  the  fedloral  fcale,  or  other  objedf  placed  on  the  flage ; from 
the  number  thus  found,  a table  fliould  be  conflrudled,  expreffing 
the  value  of  the  different  revolutions  of  the  micrometer  with  that 
objedl  lens,  by  which  the  primary  number  was  obtained.  Similar 
tables  muff  be  conflrudled  for  each  objedl  lens.  By  a fet  of  tables 
of  this  kind,  the  obferver  may  readily  find  the  meafure  of  any 
objedl  he  is  examining  ; for  he  has  only  to  make  the  needle  point 
traverfe  over  this  objedl,  and  obferve  the  number  of  revolutions 
the  ferew  has  made  in  it’s  paffage,  and  then  look  into  his  table 
for  the  real  meafure  which  correfponds  to  this  number  of  revolu- 
tions, which  is  the  meafure  required. 
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A Description  of  the  most  approved  Microscopes, 
and  the  Method  of  using  them. 


T N the  preceding  chapter  I have  endeavoured  to  give  a com- 
prehenfive  view  of  the  theory  of  the  microfcope,  and  the 
principles  on  which  the  wonderful  effefts  of  this  inftrument  de- 
pend. I (hall  now  proceed  to  defcribe  the  various  inftruments 
themfelves,  their  apparatus,  and  the  moft  eafy  and  ready  mode  of 
applying  them  to  ul’e  ; fele&ing  for  defcription  thofe,  that  from 
fome  peculiar  advantage  in  their  conftru&ion,  or  from  the  repu- 
tation of  the  authors  who  have  recommended  and  ufed  them,  are 
in  moft  general  ufe.  What  is  faid  of  thefe  will,  I hope,  be 
fufficient  to  enable  the  reader  to  manage  any  other  kind  that  may 
fall  in  his  way. 

Description  of  Adams’s  improved  and  universal 
Lucernal  Microscope,  Fig.  1,  Plate  III. 

This  microfcope  was  originally  thought  of,  and  in  part  ex- 
ecuted by  my  father ; I have,  however,  fo  improved  and  altered 
it,  both  in  conftru&ion  and  form,  as  to  render  it  altogether  a 
different  inftrument.  The  approbation  it  has  received  from  the 
moft  experienced  microfcopic  obfervers,  as  well  as  the  great 
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demand  I have  had  for  them,  has  fully  repaid  my  pains  and  ex- 
pences,  in  bringing  it  to  it’s  prefent  date  of  perfection. 

As  the  far  greater  part  of  the  obje&s  which  furround  us  are 
opake,  and  very  few  are  fufhciently  tranfparent  to  be  examined 
by  the  common  microfcopes,  an  indrument  that  could  be  readily 
applied  to  the  examination  of  opake  objefts,  has  always  been  a 
defideratum.  Even  in  the  examination  of  tranfparent  obje&s, 
many  of  the  line  and  more  curious  portions  are  loll,  and  drowned 
as  it  were  in  the  light  which  mud  be  tranfmitted  through  them ; 
while  different  parts  of  the  fame  objeft  appear  only  as  dark  lines 
or  fpots,  becaufe  they  are  fo  opake,  as  not  to  permit  any  light  to 
pafs  through  them.  Thefe  difficulties,  as  well  as  many  more, 
are  obviated  in  the  lucernal  microfcope  ; by  which,  opake  ob- 
jetls,  of  various  fizes,  may  be  feen  with  eafe  and  didindnefs  ; 
the  beautiful  colours  with  which  mod  of  them  are  adorned,  are 
rendered  more  brilliant,  without  changing  in  the  lead  the  real 
tint  of  the  colour.  The  concave  and  convex  parts  of  an  objeCl 
retain  alfo  their  proper  form. 

The  facility  with  which  all  opake  objefts  are  applied  to  this 
indrument,  is  another  confiderable  advantage,  and  almod  pecu- 
liar to  itfelf ; as  the  texture  and  configuration  of  the  more  tender 
parts  are  often  hurt  by  previous  preparation,  every  objeft  may 
be  examined  by  this  indrument,  firb,  as  opake,  and  afterwards, 
if  the  texture  will  admit  of  it,  as  tranfparent. 

The  lucernal  microfcope  does  not  in  the  lead  fatigue  the  eye ; 
the  objeft  appears  like  nature  itfelf,  giving  eafe  to  the  fight,  and 
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plenfure  to  the  mind : there  is  alfo,  in  the  ufe  of  this  inftrument, 
no  occafion  to  fhut  that  eye  which  is  not  directed  to  the  objeft. 

A further  advantage  peculiar  to  this  microfcope  is,  that  by  it 
the  outlines  of  every  objeft  may  be  taken,  even  by  thofe  who  are 
not  accuftomed  to  draw  ; while  thofe  who  can  draw  well,  will 
receive  great  afliftance,  and  execute  their  work  with  more  accu- 
racy, and  in  lefs  time  than  they  would  otherwife  have  been  able 
to  have  performed  it  in.  Moll  of  the  defigns  for  this  work  were 
taken  with  the  lucernal  microfcope ; and,  I hope,  the  accuracy 
with  which  they  are  executed,  will  be  deemed  a fufficient 
teftimony  in  favour  of  the  inftrument.  In  this  point  of  view,  it 
will,  I think,  be  found  of  great  ufe  to  the  anatomift,  the  botanift, 
the  entomologift,  &c.  as  it  will  enable  them  not  only  to  invefti- 
gate  the  objeft  of  their  refearches,  but  to  convey  to  others 
accurate  delineations  of  the  fubjefl  they  wilh  to  defcribe. 

By  the  addition  of  a tin  lanthorn  to  this  apparatus,  tranfparent 
objefls  may  be  thrown  on  a fcreen,  and  exhibited  at  one  view  to 
a large  company,  as  by  the  folar  microfcope. 

Tranfparent  objects  may  be  examined  with  this  inftrument  in 
three  or  four  different  modes  ; from  a blaze  of  light  almoft  too 
great  for  the  eye  to  bear,  to  that  which  is  perfectly  eafy  to  it. 

When  this  inftrument  is  fitted  up  in  the  beft  way,  we  generally 
fend  a fmall  double  and  fingle  microfcope  with  it. 

Fig.  1,  Plate  I.  reprefents  the  improved  lucernal  micro- 
scope, mounted  to  view  op ake  objects ; ABODE  is  a large 
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mahogany  pyramidical  box,  which  forms  the  body  of  the  micro- 
fcope  ; it  is  fupported  firmly  on  the  brafs  pillar  F G,  by  means  of 
the  focket  H,  and  the  curved  piece  I K. 

L M N is  a guide  for  the  eye,  in  order  to  direft  it  in  the  axis  of 
the  lenfes  ; it  confifts  of  two  brafs  tubes,  one  hiding  within  the 
other,  and  a vertical  flat  piece,  at  the  top  of  which  is  the  hole  for 
the  eye.  The  outer  tube  is  feen  at  M N,  the  vertical  piece  is 
reprefented  at  L M.  The  inner  tube  may  be  pulled  out,  or 
pufhed  in,  to  adjuft  it  to  the  focus  of  the  glafles.  The  vertical 
piece  may  be  raifed  or  deprefled,  that  the  hole,  through  which 
the  objeft  is  to  be  viewed,  may  coincide  with  the  center  of  the 
field  of  view ; it  is  fixed  by  a milled  fcrew  at  M,  which  could  not 
be  fhewn  in  this  figure. 

At  N is  a dove-tailed  piece  of  brafs,  made  to  receive  the  dove-tail 
at  the  end  of  the  tubes  M N,  by  which  it  is  affixed  to  the  wooden 
box  AB  C D E.  The  tubes  MN  may  be  removed  from  this  box 
cfccafionally,  for  the  convenience  of  packing  it  up  in  a lefs  compafs. 

O P a fmall  tube  which  carries  the  magnifiers . 

O one  of  the  magnifiers;  it  is  fcrewed  into  the  end  of  a tube, 
which  hides  within  the  tube  P ; the  tube  P may  be  unfcrewed 
occafionally  from  the  wooden  body. 

QRSTVX  a long  fquare  bar,  which  paffes  through  the 
fockets  Y Z,  and  carries  the  ftage  or  frame  that  holds  the  objefls ; 
this  bar  may  be  moved  backward  or  forward,  in  order  to  adjuft  it 
to  the  focus,  by  means  of  the  pinion  which  is  at  a. 
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b e is  a handle  furnifhed  with  an  univerfal  joint,  for  more  con- 
veniently turning  the  pinion.  When  the  handle  is  removed,  the 
nut,  Fig.  2,  may  be  ufed  in  it’s  head. 

d e is  a brafs  bar,  to  fupport  the  curved  piece  K I,  and  keep 
the  body  A B firm  and  fleady. 

f g h i is  the  flage  for  opake  obje&s  ; it  fits  upon  the  bar 
O R S T by  means  of  the  focket  h i,  and  is  brought  nearer  to, 
or  removed  further  from,  the  magnifying  lens,  by  turning  the 
pinion  a : the  objefts  are  placed  in  the  front  fide  of  the  ftage, 
(which  cannot  be  feen  in  this  figure)  between  four  fmall  brafs 
plates  ; the  edges  of  two  of  thefe  are  feen  at  k 1.  The  two  upper 
pieces  of  brafs  are  moveable ; they  are  fixed  to  a plate,  which  is 
afted  on  by  a fpiral  fpring,  that  preftes  them  down,  and  confines 
the  llider  with  the  objects ; this  plate,  and  the  two  dipper  pieces 
of  brafs,  are  lifted  up  by  the  fmall  nut  m, 

S 

At  the  lower  part  of  the  ftage,  there  is  a femicircular  lump  of 
glafs  n,  which  is  defigned  to  receive  the  light  from  the  lamp, 
Fig.  3,  and  to  collect  and  throw  it  on  the  concave  mirror  O, 
from  whence  it  is  to  be  refle&ed  on  the  objeft. 

The  upper  part,  fgrs,  of  the  opake  ftage  takes  out,  that  the 
ftage  for  tranfparent  objects  may  be  inferted  in  it’s  place. 

Fig.  4,  reprefents  the  ftage  for  tranfparent  objects ; the  two 
legs,  5 and  6,  fit  into  the  top  of  the  under  part  r s h i of  the  ftage 
for  opake  objects ; 7 is  the  part  which  confines  or  holds  the 
Aiders,  and  through  which  they  are  to  be  moved ; 9 and  10  a 
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brafs  tube,  which  contains  the  lenfes  for  condenfing  the  light,  and 
throwing  it  upon  the  objeCi  ; there  is  a fecond  tube  within  that, 
marked  9 and  10,  which  may  be  placed  at  different  diftances 
from  the  objeft  by  the  pin  11.  ' 

f When  this  flage  is  ufed  as  a fingle  microfcope,  without  any 
reference  to  the  lucernal,  the  magnifiers,  of  objeCi  lenfes,  are  to 
be  fcrewed  into  the  hole  12,  and  to  be  adjufted  to  a proper  focus 
by  the  nut  33. 

N.  B.  At  the  end  A B of  the  wooden  body,  there  is  a Aider, 
which4  is  reprefented  as  partly  drawn  out  at  A;  when  quite  taken 
out,  three  grooves  will  be  perceived,  one  of  which  contains  a 
board  that  forms  the  end  of  the  box,  the  next  contains  a frame 
with  a greyed  glafs,  the  third,  or  that  farthefl  from  the  end  A B, 
two  large  convex  lenfes. 

Of  the  Lamp. 

Fig.  3,  reprefents  one  of  Argand’s  lamps,  which  are  the  moft 
fuitable  for  microfcopic  purpofes,  on  account  of  the  clearnefs, 
the  intenfity,  and  the  ffeadinefs  of  the  light.  The  following  ac- 
count of  the  method  of  managing  them,  with  other  obfervations, 
is  copied  from  an  account  given  by  Mr.  Parker  with  thofe  he  fells. 

The  principle  on  which  the  lamp  afts,  confifls  in  difpofing 
the  wick  in  thin  parts,  fo  that  the  air  may  come  into  contaCt  with 
all  the  burning  fuel,  by  which  means,  together  with  an  increafe 
of  the  current  of  air  occafioned  by  rarefaction  in  the  glafs  tube, 
the  whole  of  the  fuel  is  converted  into  flame. 
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The  wicks  are  circular,  and,  the  more  readily  to  regulate  the 
quantity  of’ light,  are  fixed  on  a brafs  collar  with  a wire  handle, 
by  means  of  which  they  are  raifed  or  depreffed  at  pleafure. 

To  fix  the  wick  on,  a wood  mandril  is  contrived,  which  is 
tapered  at  one  end,  and  ha$  a groove  turned  at  the  other. 

The  wick  has  a felvage  at  one  end,  'which  is  to  be  put  foremofi: 
on  the  mandril,  and  moved  up  to  the  groove  ; then  putting  the 
groove  into  the  collar  of  the  wick-holder,  the  wick  is  eafily 
pufhed  forward  upon  it. 

The  wick-holder  and  wick  being  put  quite  down  in  their  place, 
the  fpare  part  of  the  wick  fhould,  while  dry,  be  fet  alight,  and 
buffered  to  burn  to  the  edge  of  the  tubes  ; this  will  leave  it  more 
even  than  by  cutting,  and,  being  black  by  burning,  will  be  much 
eafier  lighted : for  this  reafon,  the  black  fhould  never  be  quite  cut 
off. 

The  lamp  fhould  be  filled  an  hour  or  two  before  it  is  wanted, 
that  the  cotton  may  imbibe  the  oil  and  draw  the  better. 

The  lamps  which  have  a refervoir  and  valve,  need  no  other 
direflion  for  filling  than  to  do  it  with  a proper  trimming  pot, 
carefully  obferving  when  they  are  full ; then  pulling  up  the  valve 
by  the  point,  the  refervoir,  being  turned  with  the  other  hand, 
may  be  replaced  without  fpilling  a drop. 

Thofe  lamps  which  fill  in  the  front  like  a bird-fountain,  muff 
be  reclined  on  the  back  to  fill,  and  this  fhould  be  done  gently, 
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that  the  oil  in  the  burner  may  return  into  the  body  when  fo  placed 
and  filled  ; it,  by  being  too  full,  any  oil  appears  above  the  guard, 
only  move  the  lamp  a little,  and  the  oil  will  difappear;  the  lamp 
may  then  be  placed  ereft,  and  the  oil  will  flow  to  it’s  proper  level. 

The  oil  muff  be  of  the  fpermaceti  kind,  commonly  called 
chamber  oil,  which  may  generally  be  diftinguifbed  by  it’s  pale- 
nefis,  tranfparency , and  inoffenfive  fcent ; all  throfe  oils  which  are 
of  a red  and  brown  colour,  and  of  an  offenfive  fcent,  fhould  be 
carefully  avoided,  as  their  glutinous  parts  clog  the  lamp,  and 
the  impurities  in  fuch  oil  not  being  inflammable,  will  accumulate 
and  remain  in  the  form  of  a crufl  on  the  wick.  Seal  oil  is  nearly 
as  pale  and  fweet  as  chamber  oil ; but  being  of  a heavy  fluggifh 
quality,  is  not  proper  for  lamps  with  fine  wicks. 

Whenever  bad  oil  has  been  ufed,  on  changing  it,  the  wick  muff 
alfo  be  changed,  becaufe  after  having  imbibed  the  coarfe  par- 
ticles in  it’s  capillary  tubes,  it  will  not  draw  up  the  fine  oil. 

To  obtain  the  greateft  degree  of  light,  the  wick  fhould  be  trim- 
med exaftly  even,  the  flame  will  then  be  completely  equal. 

There  will  be  a great  advantage  in  keeping  the  lamp  clean, 
efpecially  the  burner  and  air  tubes  ; the  negleff  of  cleanlinefs  in 
lamps  is  too  common : a candleftick  is  generally  cleaned  every 
time  it  is  ufed,  fo  fhould  a lamp  ; and  if  a candleflick  is  not  to  be 
objected  to  becaufe  it  does  not  give  light  after  the  candle  is  ex- 
haufted,  fo  a lamp  fhould  not  be  thought  ill  of,  if  it  does  not 
give  light  when  it  wants  oil  or  cotton ; but  this  laft  has  often  hap- 
pened, becaufe  the  deficiency  is  lefs  vifible. 
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The  glafs  tubes  are  beft  cleaned  with  a piece  of  walh  leather. 


If  a fountain-lamp  is  left  partly  filled  with  oil,  it  may  be  liable 
to  overflow ; this  happens  by  the  contra&ion  of  the  air  when 
cold,  and  it’s  expanfion  by  the  warmth  of  a room,  the  rays  of 
the  fun,  or  the  heat  of  the  lamp  when  re-lighted  : this  accident 
may  be  effe&ually  prevented  by  keeping  the  refervoir  filled,  the 
oil  not  being  fubjeft  to  expanfion  like  air.  On  this  account,  thofe 
with  a common  refervoir  are  beft  adapted  for  microfcopic  pur- 
pofes. 

TO  EXAMINE  OPAKE  OBJECTS  WITH  THE  LuCERNAL 

Microscope. 

The  microfcope  is  reprefented  as  mounted,  and  entirely  ready 
for  this  purpofe,  in  Fig.  1,  Plate  III. 

To  render  the  ufe  of  this  inftrument  eafy,  it  is  ufually  packed 
with  as  many  of  the  parts  together  as  poflible ; it  occupies  on 
this  account  rather  more  room,  but  is  much  lefs  embarrafling  to 
the  obferver,  who  has  only  three  parts  to  put  on  after  it  is  taken 
out  of  it’s  box,  namely,  the  guide  for  the  eye,  the  ftage,  and  the 
tube  with  it’s  magnifier. 

e 

But  to  be  more  particular,  take  out  the  wooden  Aide  A,  then 
lift  out  the  cover  and  the  grey  glafs  from  their  refpeflive  grooves 
under  the  Aide  A. 

Put  the  end  N of  the  guide  for  the  eye  L M N into  it’s  place,  fo 
that  it  may  ftand  in  the  pofition  which  is  reprefented  in  this  figure. 
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Place  the  locket,  which  is  at  the  bottom  of  the  opake  ftager 
on  the  bar  Q X 1 , fo  that  the  concave  mirror  o may  be  next  the 
end  D E of  the  wooden  body. 

Screw  the  tubes  P O into  the  end  D E.  The  magnifier  you  in- 
tend to  ufe  is  to  be  fcrewed  on  the  end  o of  thefe  tubes. 

The  handle  G b,  or  milled  nut,  Fig.  2,  mult  be  placed  on  the 
fquare  end  of  the  pinion  a. 

Place  the  lamp  lighted  before  the  glafs  lump  n,  and  the  objefl 
you  intend  to  examine  between  the  fpring  plates  of  the  llage,. 
and  the  inftrument  is  ready  for  ufe. 


In  all  microfcopes,  there  are  two  circumftances  which  mult  be 
particularly  attended  to;  the  modification  of  the  light,  or  the 
proper  quantity  to  illuminate  the  objeft  ; fecondly,  the  adjuft- 
ment  of  the  inftrument  to  the  focus  of  the  glafles  and  the  eye  of 
the  obferver.  In  the  ufe  of  the  lucernal  microfcope  there  is.  a 
third  circumftance,  which  is,  the  regulation  of  the  guide  for  the 
eye,  each  of  which  I (hall  confider  by  itfeif. 

“\ 

2 . To  throw  the  light  upon  the  objeft.  The  flame  of  the  lamp 
is  to  be  placed  rather  below  the  center  of  the  glafs  lump  n,  and 
as  near  it  as  poflible  ; the  concave  mirror  o mull  be  fo  inclined  and 
turned,  as  to  receive  the  light  from  the  glafs  lump,  and  reflefl  it 
thence  upon  the  obje£l ; the  belt  fituation  of  the  concave  mirror, 
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and  the  flame  of  the  lamp,  depends  on  a combination  of  cireum- 
ftances,  which  a little  pra&ice  will  difcover. 

2.  To  regulate  the  guide  for  the  eye,  or  to  place  the  center  of 
the  eye-piece  L,  fo  that  it  may  coincide  with  the  focal  point  of 
the  lenfes,  and  the  axis  of  vifion.  Lengthen  and  fhorten  the 
tubes  M N by  drawing  out  or  pufhing  in  the  inner  tube,  and 
raifing  or  deprefling  the  eye-piece  M L,  till  you  find  the  large 
lens  (which  is  placed  at  the  end  A B of  the  wooden  body)  filled  by 
an  uniform  field  of  light,  without  any  prifmatic  colours  round  the 
edge;  for  till  this  piece  is  properly  fixed,  the  circle  of  light  will 
be  very  fmall,  and  only  occupy  a part  of  the  lens  : the  eye  mull 
be  kept  at  the  center  of  the  eye-piece  L,  during  the  whole  of  the 
operation;  which  may  be  rendered  fomewhat  eafier  to  the  obferver, 
on  the  firft  ufe  of  the  inftrument,  if  he  holds  a piece  of  white 
paper  parallel  to  the  large  lens,  removing  it  from,  or  bringing  it 
nearer  to  them,  till  he  finds  the  place,  where  a lucid  circle,  which 
he  will  perceive  on  the  paper,  is  brighteft  and  moft  diftinft,  then 
to  fix  the  center  of  the  eye-piece  to  coincide  with  that  fpot ; after 
which  a very  fmall  adjuflment  will  fet  it  perfectly  right. 

3.  To  adjuft:  the  lenfes  to  their  focal  diftance.  This  is  effefted 
by  turning  the  pinion  a,  the  eye  being  at  the  fame  time  at  the  eye- 
piece L.  I often  place  the  grey  glafs  before  the  large  lenfes, 
while  I am  regulating  the  guide  for  the  eye,  and  adj Lifting  for 
the  focal  diftance. 

If  the  obferver,  in  the  procefs  of  his  examination  of  an  object, 
advances  rapidly  from  a fhallow  to  a deep  magnifier,  he  will  fave 
himfelf  fome  labour  by  pulling  out  the  internal  tube  at  O. 
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The  upper  part  fgrs  of  the  flage,  is  to  be  raifed  or  lowered 
occafionally,  in  order  to  make  the  center  of  the  objefl  coincide 
with  the  center  of  the  lens  at  O. 

To  delineate  objefls,  the  grey  glafs  mull  be  placed  before  the 
large  lenfes ; the  pi6lure  of  the  objefl  will  be  formed  on  this  glafs, 
and  the  outline  may  be  accurately  taken,  by  going  over  the 
piflure  with  a pencil. 

The  opake  part  may  be  ufed  in  the  day-time  without  a lamp,, 
provided  the  large  lenies  at  AB  are  fcreened  from  the  light. 

To  use  the  Lucernal  Microscope  in  the  Examination 
of  transparent  Objects. 

The  microfcope  is  to  remain  as  before  : the  upper  part  f g s of 
the  opake  llage  mull  be  removed,  and  the  llage  for  tranfparent 
objefls,  reprefented  at  Fig.  4,  put  in  it’s  place ; the  end.  Fig.  g> 
and  10,  to  be  next  the  lamp. 

Place  the  greyed  glafs  in  it’s  groove  at  the  end  A B,  and  the 
objefls  in  the  Aider-holder  at  the  front  of  the  llage  ; then  tranfmit 
as  llrong  a light  as  you  are  able  on  the  objefl,  which  you  will 
ealily  do  by  raifing  or  lowering  the  lamp. 

The  objefl  will  be  beautifully  depifled  on  the  grey  glafs : it 
mull  be  regulated  to  the  focus  of  the  magnifier,  by  turning  the 
pinion  a. 

The 
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The  object  may  be  viewed  either  with  or  without  the  guide  for 
the  eye ; a fingle  obferver  will  fee  an  objeft  to  the  greatelt  advan- 
tage by  ufing  this  guide,  which  is  to  be  adjufted  as  we  have 
defcribed,  page  75.  If  two  or  three  wifh  to  examine  the  objeCt 
at  the  fame  time,  the  guide  for  the  eye  mult  be  laid  afide. 

Take  the  large  lens  out  of  the  groove,  and  receive  the  image 
on  the  grey  glafs  ; in  this  cafe,  the  guide  for  the  eye  is  of  no  ufe  : 
if  the  grey  glafs  is  taken  away,  the  image  of  the  objeCI  may  be 
received  on  a paper  fcreen. 

Take  out  the  grey  glafs,  replace  the  large  lenfes,  and  ufe  the 
guide  for  the  eye  ; attend  to  the  foregoing  directions,  and  adjufl 
the  objeCt  to  it’s  proper  focus.  You  will  then  fee  the  objeCl  in  a 
blaze  of  light  almofc  too  great  for  the  eye,  a circumftance  that 
will  be  found  very  ufeful  in  the  examination  of  particular  objeCls  ; 
the  edges  of  the  objeCt  in  this  mode  will  be  fomewhat  coloured, 
but  as  it  is  only  ufed  in  this  full  light  for  occafional  purpofes,  it 
has  been  thought  better  to  leave  this  fmall  imperfe&ion,  than  by 
remedying  it,  to  facrifice  greater  advantages ; the  more  fo,  as  this 
fault  is  eafily  correCled,  and  a new  and  interefling  view  of  the 
objeCI  is  obtained,  by  turning  the  inflrument  out  of  the  direCf  rays 
of  light,  and  permitting  them  to  pafs  through  only  in  an  oblique 
direftion,  by  which  the  upper  furface  is  in  fome  degree  illumi- 
nated, and  the  objeCt  is  feen  partly  as  opake,  partly  as  tranfparent. 
It  has  been  already  obferved,  that  the  tranfparent  objeCls  might 
be  placed  between  the  Aider-holders  of  the  ftage  for  opake  ob- 
jefts,  and  then  be  examined  as  if  opake. 
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Some  tranfparent  objefls  appear  to  the  greatefl  advantage  when 
the  lens  at  g and  10  is  taken  away;  as,  by  giving  too  great  a 
quantity  of  light,  it  renders  the  edges  lefs  fharp. 

The  variety  of  views  which  may  be  taken  of  every  objeft,  by 
means  of  the  improved  lucernal  microfcope,  will  be  found  to  be 
of  great  ufe  to  an  accurate  obferver : it  will  give  him  an  oppor- 
tunity of  corre&ing  or  confirming  his  difcoveries,  and  invefti- 
gating  thofe  parts  in  one  mode,  which  are  invifible  in  another. 

To  THROW  THE  IMAGE  OF  TRANSPARENT  OBJECTS  ON  A 
Screen,  as  in  the  Solar  Microscope. 

It  has  been  long  a microfcopical  defideratum,  to  have  an  in- 
ffrument  by  which  the  image  of  tranfparent  objefts  might  be 
thrown  on  a fcreen,  as  in  the  common  folar  microfcope  ; and 
this  not  only  becaufe  the  fun  is  fo  uncertain  in  this  climate,  and 
the  ufe  of  the  folar  microfcope  requires  confinement  in  the  fined 
part  of  the  day,  when  time  feldom  hangs  heavy  on  the  mind,  but 
as  it  alfo  affords  an  increafe  of  pleafure,  by  difplaying  it’s  wonders 
to  feveral  perfons  at  the  fame  inffant,  without  the  lead  fatigue  to 
the  eye. 

This  purpofe  is  now  effeflually  anfwered,  by  affixing  the  tranf- 
parent ffage  of  the  lucernal  to  a lanthorn,  with  one  of  Argands 
lamps. — The  lamp  is  placed  within  the  lanthorn,  and  the  end  9, 
10  of  the  tranfparent  ffage  is  fcrewed  into  a female  fcrew,  which 
is  rivetted  in  the  Aiding  part  of  the  front  of  the  lanthorn  ; the 
magnifying  lenfes  are  to  be  fcrewed  into  the  hole  reprefented  at 
12  ; they  are  adjufted  by  turning  the  milled  nut.  The  quantity 
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of  light  is  to  be  regulated,  by  railing  and  lowering  the  fliding- 
plate,  or  the  lamp.  N.  B.  This  part,  with  it’s  lanthorn  and 
lamp,  may  be  had  feparate  from  the  lucernal  microfcope. 

Apparatus  which  usually  accompanies  the  improved 
Lucernal  Microscope. 

The  ftage  for  opake  obje&s,  with  it’s  femicircular  lump  of 
glafs,  and  concave  mirror. 

The  ftage  for  tranfparent  obje£ls,  which  fits  on  the  upper  part 
of  the  foregoing  ftage. 

The  Hiding  tube,  to  which  the  magnifiers  are  to  be  affixed ; 
one  end  of  thefe  is  to  be  fcrewed  on  the  end  B of  the  wooden 
body ; the  magnifier  in  ufe  is  to  be  fcrewed  to  the  other  end  of  the 
inner  tube. 

Eight  magnifying  lenfes ; thefe  are  fo  conftrufited,  that  they 
may  be  combined  together,  and  thus  produce  a very  great  variety 
of  magnifying  powers. 

A fifh-pan,  fuch  as  is  reprefented  at  I,  Plate  IX. 

A fteel  wire  L,  with  a pair  of  nippers  at  one  end. 

A fmall  cylinder  of  ivory  1 at  the  other. 

A fiider  of  brafs  N,  containing  a flat  glafs  Aider,  and  a brals 
Aider,  into  which  are  fitted  fome  fmall  concave  glafies, 

A pair 
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A pair  of  forceps. 

Six  large  ivory  Aiders,  with  tranfparent  obje&s,  and  fix  fmall 
ditto  with  ditto. 


.ft 


, Fourteen  wooden  Aiders,  with  four  opakeobje&s  in  each  Aider, 
and  two  fpare  Aiders. 

Some  capillary  tubes,  for  viewing  fmall  animalcula. 

The  ufe  and  manner  of  ufing  the  articles  of  the  apparatus  will 
be  more  particularly  explained  when  we  defcribe  the  figures  which 
are  delineated  in  Plate  IX. 

Description  of  Cuff’s  double-constructed  Microscope, 
represented  at  Fig.  i,  Plate  VII.  A. 

♦ 

This  inftrument  was  firft  defcribed  by  Mr.  Baker,  and  recom- 
mended by  him.  It  was  alfo  defcribed  by  my  father  in  the  fourth 
edition  of  his  Micrographia  IlluArata,  page  xix. 

ABC  reprefents  the  body  of  this  microfcope ; it  contains  an 
eye-glafs  at  A,  a broad  lens  at  B,  and  a magnifier  which  is  fcrew- 
ed  on  at  C. 


The  body  of  the  microfcope  is  fupported  by  the  arm  D E, 
from  which  it  may  be  removed  at  pleafure. 

The  arm  D E is  fixed  on  the  Aiding  bar  F,  and  may  be  raifed 
or  deprefied  to  any  height  within  it’s  limits. 
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The  main  pillar  ab  is  fixed  in  the  box  be,  and  by  means  of 
the  brafs  foot  d is  fcrewed  to  the  mahogany  pedeftal  x Y,  in  which 
is  a drawer  containing  all  the  apparatus. 

O,  a milled-headed  fcrew,  to  tighten  the  bar  F when  the  ad- 
jufting  fcrew  c g is  ufed. 

p q is  the  ftage,  or  plate,  which  carries  the  obje&s  ; it  has  a 
hole  at  the  center  rr. 

G a concave  mirror,  that  may  be  turned  in  any  direftion,  to 
reflefl  the  light  of  the  candle,  or  the  fky,  upon  the  objefi. 

To  use  this  Microscope.  - 

Screw  the  magnifier  you  intend  to  ufe  to  the  end  c of  the 
body,  place  the  flider-holder  P in  the  hole  n,  and  the  flider  with 
the  object  between  the  plates  of  the  flider-holder ; fet  the  upper 
-edge  of  the  bar  D E to  coincide  with  the  divifions  which  corref- 
pond  to  the  magnifier  you  have  in  ufe,  and  pinch  the  milled  nut ; 
now  refleft  a proper  quantity  of  light  upon  the  object,  by  means 
of  the  concave  mirror  G,  and  regulate  the  body  exactly  to  the 
eye  and  the  focus  of  the  glaffes,  by  the  adjufting  fcrew  eg. 

To  view  opake  objefts,  take  away  the  flider-holder  P,  and 
.place  the  objeft  on  a flat  glafs  under  the  center  of  the  body,  or 
on  one  end  of  the  jointed  nippers  o.  Then  fcrew  the  filver  con- 
cave fpeculum  to  the  end  of  the  cylinder  L,  and  hide  this  cylin- 
der on  the  lower  part  of  the  body,  fo  that  the  upper  edge  thereof 
may  coincide  with  the  line  which  has  the  fame  mark  with  the 

L magnifier 
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magnifier  that  is  then  ufed ; refleft  the  light  from  the  concave- 
mirror  G to  the  filver  fpeculum,  from  wliieh  it  will  again  be  re- 
flefled  on  the  objefl.  The  glaffes  are  to  be  adjufted  to  their 
focal  diflance  as  before  direfied. 

A List  of  tee  Apparatus  of  Cuff’s  double-constructed. 

M IC  R OSCOP  E. 

LI  a convex  lens,  to  colle6i  the  rays  of  light  from  the  fun  or  a 
candle,  and  condenfe  them  on  the  objefh 

L a cylindrical  tube,  open  at  each  fide,  with  a concave  fpecu- 
lum  ferewed  to  the  lower  end  h. 

P the  flider-holder ; it  confifts  of  a cylindrical  tube,  in  which 
an  inner  tube  is  forced  upwards  by  a fpiral  fpring,  it  is  ufed  to 
receive  an  ivory  Aider  K,  which  is  to  be  hid  between  the  plates  h 
and  i.  The  cylinder  P fits  the  hole  n in  the  ftage  : the  hollow 
part  at  k is  defigned  to  receive  a glafs  tube  N. 

' /'  ' 

R is  a brafs  cone,  to  be  put  under  the  bottom  of  the  cylinder 
P,  to  intercept  occafionally  fome  of  the  rays  of  light. 

S a box  containing  a concave  and  a flat  glafs,  between  which  a 
fmall  living  infeft  may  be  confined  ; it  is  to  be  placed  over  the 
hole  n. 

T a flat  glafs,  to  lay  any  occafional  objeft  upon ; there  is  alfo 
a concave  one  for  fluids. 
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O a long  Reel  wire,  with  a fmall  pair  of  pliers  at  one  end,  and 
a point  at  the  other,  defigned  to  flick  or  hold  objefts;  it  flips 
backwards  and  forwards  in  the  fbort  tube  o ; the  pin  p fits  into 
die  hole  of  the  flage. 

4k 

W a little  round  ivory  box,  to  hold  a fupply  of  talc  and  rings 
for  the  Aiders. 

Z a hair  brufli,  to  wipe  any  duft  off  the  glafles,  or  to  take  up 
by  the  other  end  a drop  of  any  liquid. 

V a fmall  ivory  cylinder,  that  fits  on  the  pointed  end  of  the 
fleel  wire  O ; it  is  defigned  for  opake  objeffs.  Light-coloured 
ones  are  to  be  fluck  upon  the  dark  fide,  and  viceverfa. 

Y a common  magnifying  glafs,  for  any  occafional  purpofe. 

M a fifh-pan,  whereon  to  faflen  a fmall  fifh,  to  view  the  cir- 
culation of  the  blood : the  tail  is  to  be  fpread  acrofs  the  oblong 
hole  at  the  fmall  end,  and  tied  faft,  by  means  of  a ribband  fixed 
thereto ; the  knob  1 is  to  be  flioved  through  the  flit  made  in  the 
flage,  that  the  tail  may  be  brought  under  the  magnifier. 

The  Description  and  Use  of  Adams’s  improved  double 
and  single  Microscope,  represented  Fig.  1,  Plate  IV. 

It  is  the  compound  microfcope,  which  is  at  prefent  in  mod 
general  ufe.  The  improvements,  though  few  in  number,  are 
effential  to  the  ufe  thereof.  The  field  of  view  is  confiderably 
larger  than  in  the  former  microfcope.  The  flage  and  the  mirrors 
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are  both  moveable,  Co  that  their  refpeftive  diftances  may  be  eafily- 
varied.  There  is  alfo  a condenfing  glafs  to  the  ftage,  for  in- 
ereafing  the  denfity  of  the  light,  when.it  is  refledled  by  the  mirror 
from  a candle  or  lamp.  It  is  furnifhed  with  two  mirrors,  one 
plane,  and  the  other  concave,  and  may  be  ufed  as  a fingle 
microfcope. 

A B,  Fig.  1,  Plate  IV.  reprefents  the  body  of  the  microfcope^ 
containing  a double  eye  glafs, and  a body  glafs;  it  is  here  fhewn 
as  fcrewed  to  the  arm  C D,  from  whence  it  may  be  occafionally 
removed,  either  for  the  convenience  of  packing,  or  when  the 
inftrument  is  to  be  ufed  as  a fingle  microfcope.. 

The  eye  glafles  and  the  bodyglaftes  are.  contained  in  a tube 
which  fits  into  the  exterior  tube  A B ; by  pulling  out  a little  this, 
tube,  when  the  microfcope  is  in  ufe,  the  magnifying  power  of  each* 
lens  is  increafed. 

The  body  AB  of  the  microfcope  is  fupported  by  the  arm  CD» 
this  arm  is  fixed  to  the  main  pillar  C F,  which  is  fcrewed  firmly  to 
the  mahogany  pedeftal  G H ; there  is  a drawer  to  this  pedeftal* , 
which  holds  the  apparatus. 

NIS  is  the  plate  or  Page  which  carries  the  Aider-holder  KL, 
this  ftage  is  moved  up  or  down  the  pillar  C F,  by  turning  the 
milled  nut  M ; this  nut  is  fixed  to  a pinion,  that  works  in  a 
toothed  rack  cut  on  one  fide  of  the  pillar.  By  means  of  this 
pinion,  the  ftage  may  be  gradually  raifed  or  deprefied,  and  the 
objedl  adjufted  to  the  focus  of  the  different  lenfes. 
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KL  is  the  Aider-holder,  which  fits  into  a hole  that  is  in  the 
middle  of  the  ftage  N I S ; it  is  ufed  to  confine  and  guide  either 
the  motion  of  the  Aiders  which  contain  the  objefts,  or  the  glafs 
tubes  that  are  defigned  to  confine  finall  fifiies,  for  viewing  the  cir- 
culation of  the  blood.  The  Aiders  are  to  be  paAed  between  the 
two  upper  plates,  the  tubes  through  the  bent  plates. 

L is  a brafs  tube,  to  the  upper  part  of  which  is  fixed  the  con- 
denfing  lens  before  fpoken  of ; it  fits  into  the  under  part  of  the 
Aider-holder  N I,  and  may  be  fet  at  difi'erent  difiances  from  the 
objeft,  according  to  it’s  difiance  from  the  mirror  or  the  candle. 
This  tube  is  feen  further  drawn  out  in  Fig.  2,  Plate  IV. 

O is  the  frame  which  holds  the  two  refiecling  mirrors,  one  of 
which  is  plane,  the  other  concave.  Thefe  mirrors  may  be  moved 
in  various  direftions,  in  order  to  refieft  the  light  properly,  by 
means  of  the  pivots  on  which  they  move,  in  the  femicircle  O 
S R,  and  the  motion  of  the  femicircle  itfelf  on  the  pin  S ; the 
concave  mirror  generally  anfwers  beft  in  the  day-time ; the  plane 
mirror  combines  better  with  the  condenfing  lens,  and  a lamp  or 
candle.  At  D there  is  a focket  for  receiving  the  pin  of  the  arm 
Q,  Plate  IX.  to  which  the  concave  fpeculum,  for  refie&ino-  fio-ht 
on  opake  obje&s,  is  fixed.. 

At  S is  a hole  and  Ait  for  receiving  either  the  nippers  L,  Plate 
IX.  or  the  fifii-pan  I;  when  thefe  are  ufed,  the  Aider-holder  muft 
be  removed.. 

T,  a hole  to  receive  the  pin  of  the  convex  lens  M,  Plate  IX. 


To 
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To  USE  THE  IMPROVED  DOUBLE  MICROSCOPE. 

Take  the  micro fcope  out  of  the  box.  Screw  the  body  into  the 
round  end  of  the  upper  part  of  the  arm  C D. 

Place  the  brafs  Aiders,  which  contain  the  magnifiers,  into  the 
dove-tailed  Ait  which  is  on  the  under  fide  of  the  aforefaid  arm,  as 
feen  at  E,  Fig.  1,  Plate  IV.  and  Aide  it  foi  wards,  until  the  mag- 
nifier you  mean  to  ufe  is  under  the  center  of  the  body  : oppofite 
to  each  magnifier  in  this  Aide  there  is  a notch,  and  in  the  dove- 
tailed part  of  the  arm  C D there  is  a fpring,  which  falls  into  the 
above-mentioned  notch,  and  thus  makes  each  magnifier  coincide 
with  the  center  of  the  body. 

Pafs  the  ivory  Aider  you  intend  to  ufe  between  the  upper 
plates  of  the  Aider-holder  K L,  and  then  refiedt  as  firong  a light 
as  you  can  on  the  objedi,  by  means  of  one  of  the  mirrors  ; after 
this,  adjuft  the  objeft  to  the  focus  of  the  magnifier  and  your  eye, 
by  turning  the  milled  fcrew  M ; the  motion  of  this  raifes  and 
deprefies  the  Rage  N I S.  The  degree  of  light  necefiary  for  each 
object,  and  the  accuracy  required  in  the  adjufiment  of  the  lens 
to  their  proper  focal  difiance  from  the  objedt,  will  be  eafily 
attained  by  a little  pradtice. 

When  opake  objedts  are  to  be  examined,  remove  the  Aider- 
holder,  and  place  the  objedt  on  a Aat  glafs,  or  fix  it  to  the  nippers 
L,  ldate  IX.  the  pin  of  thefe  fit  into  the  hole  on  thefiage; 
fcrew  the  concave  fpeculum  R,  Plate  IX.  into  the  arm  O,  Plate 
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IX.  and  thenpafs  the  pin  of  this  arm  through  thefocketl),  Fig.  1, 
PI.  IV.  the  light  is  now  to  be  refledied  from  the  concave  mirror  to 
the  filver  fpeculum,  and  from  this  down  on  the  objeft.  No  exadt 
rule  can  be  given  for  relieving  the  light  on  the  objedt  ; we  mult 
therefore  refer  the  reader  to  the  mother  of  all  aptnefs,  practice. 
The  fpeculum  mull  be  moved  lower  or  higher,  to  fuit  the  focus 
of  the  different  magnifiers,  and  the  nature  of  the  objedh 


The  preceding  diredlions  apply  equally  to  the  ufing  of  this  in- 
flrument  as  a single  microscope,  with  this  difference  only, 
that  the  body  A B is  then  removed,  and  the  eye  is  applied  to  the 
upper  furface  of  the  arm  C D,  exaftly  over  the  magnifiers. 


A List  of  the  Apparatus  of  the  improved  Compound 

Microscope. 


The  Aider,  with  the  magnifiers. 

The  body  of  tire  microfcope. 

The  Aider-holder. 

The  tube,  with  the  condenfing  lens. 

The  pin  and  arm  for  the  filver  fpeculum. 
The  filver  fpeculum. 

A brafs  box  for  the  filver  fpeculum. 


A brafs 
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A brafs  cone  to  place  under  the  Aider-holder. 

i 

The  jointed  nippers. 

A cylinder  of  ivory,  to  fix  on  the  pointed  end  of  the  nippers. 
Six  ivory  Aiders,  five  of  which  are  filled  with  obje&s. 

A magnifier  for  the  hand. 

A fifh  pan. 

A round  brafs  box,  with  glafs  ends,  for  confining  living  obje&s. 
An  ivory  box,  to  hold  fpare  rings  and  talc  for  the  Aiders. 

A round  Aat  glafs,  fitted  to  the  hole  in  the  Aage. 

A concave  ditto. 

A Aider  of  brafs,  containing  a fiat  glafs  Aider,  and  a brafs  Aider, 
into  which  are  fitted  fmall  concave  glafles. 

Some  glafs  tubes. 

A fmall  pair  of  forceps. 

A flip  or  two  of  flat  glafs. 

A fmall  brufli,  or  hair  pencil. 


The 
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The  ufe  of  each  article  of  the  apparatus,  and  the  method  of 
applying  it  to  ufe,  will  be  defcribed  in  the  latter  end  of  this 
chapter. 

Of  the  improved  Compound  Microscope,  represented 

at  Fig.  2,  Plate  IV. 

The  advantages  of  this  over  the  preceding  compound  micro- 
fcope,  confifls,  firft,  in  the  motion  which  may  be  given  to  the 
body,  the  Page,  and  the  mirrors,  by  means  of  the  joint  c d, 
which  has  both  a vertical  and  horizontal  motion ; fo  that  the 
microfcope  may  be  placed  either  in  an  horizontal  or  inclined 
fituation,  and  thus  be  adapted  to  the  eafe  of  the  obferver,  and 
be  ufed  when  he  is  fitting  down.  If  the  mirror  OQR  is 
taken  off,  the  light  will  be  conveyed  in  a dire6l  line  to 
the  objefl,  without  any  refleftion.  Secondly,  that  the  body  may 
be  moved  over  any  part  of  the  ftage,  and  thus  over  the  object. 
The  arm  which  carries  the  body,  moves  to  the  right  or  left  on  a 
central  pin,  and  may  alfo  be  moved  backwards  or  forwards  by  the 
milled  nut  b.  Thirdly,  the  concave  and  flat  mirrors  are  much 
larger  than  thofe  of  Fig.  l.  In  every  other  refpeft,  the  micro- 
fcope is  fimilar  to  the  foregoing,  and  may  be  managed  by  the 
delcription  thereof -t  for  which  purpofe,  fimilar  letters  are  affixed 
to  the  fame  parts. 

A Description  of  Culpeper’s,  or  the  three-pillared 
Microscope,  Fig.  3,  Plate  IV. 

This  inftrument  is  recommended  by  it’s  fimplicity  and  cheap- 
ue fs;  it  is  eafily  managed,  and  gives  a pleafing  view  of  an  ob- 

M jeT. 
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jeft.  It  is  true,  it  is  precluded  by  it’s  form  from  fome  of  the 
advantages  of  the  two  foregoing  infiruments,  becaufe  both  the 
fiage  and  the  mirror  are  confined. 

This  microfcope  confifts  of  a large  exterior  body  AB  CD, 
fupportcd  on  three  fmall  fcroles,  which  are  fixed  to  the  fiage 
E F ; the  fiage  is  fupported  by  three  larger  fcroles,  that  are 
fcrewed  to  the  mahogany  pedefial  G H.  There  is  a drawer  in 
the  pedefial  which  holds  the  apparatus.  The  concave  mirror  is 
fitted  to  a focket  in  the  center  of  the  pedefial.  The  lower  part 
L M C D of  ihe  body  forms  an  exterior  tube,  into  which  the  up- 
per part  of  the  body  A B L M Aides,  and  may  be  moved  up  or 
down,  fo  as  to  bring  the  magnifiers,  which  are  fcrewed  on  at  N, 

nearer  to,  or  further  from  the  object. 

' 

To  use  Culpeper’s  Microscope. 

Screw  one  of  the  buttons  which  contains  a magnifying  lens,  to 
ihe  end  N of  the  body  ; place  the  Aider,  with  the  obje&s,  be- 
tween the  plates  of  the  Aider-holder.  Then,  to  attain  diftinfil 
vifion,  and  a pleafing  view  of  the  objefil,  adjuft  the  body  to  the 
focus  of  the  lens  you  are  ufing,  by  moving  the  upper  part  gently 
up  and  down,  and  regulate  the  light  by  the  concave  mirror. 

For  opake  obje&s,  two  additional  pieces  muft  be  ufed ; the  fir fi 
is,  a cylindrical  tube  of  brafs,  reprefented  at  X,  Plate  IX.  which 
fits  on  the  cylindrical  part  at  N of  the  body  ; the  fecond  piece  is 
the  concave  fpeculum  H,  Plate  IX.  this  is  to  be  fcrewed  to  the 
lower  end  of  the  aforefaid  tube  : the  upper  edge  of  this  tube 
fhould  be  made  to  coincide  with  the  line,  which  has  the  fame 
4 number 
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number  affixed  to  it,  as  to  the  magnifier  you  are  ufing ; ex.  gr. 
if  you  are  making  ufe  of  the  magnifier  marked  5,  hide  the  tube 
to  the  circular  line  on  the  tube  N,  that  is  marked  alfo  with 
No.  5, 

The  Aider-holder  ffiould  be  removed  when  you  are  going  to 
view  opake  obje&s,  and  a plane  glafs  ffiould  be  placed  on  the 
fiage  in  it’s  ftead  to  receive  the  objeft ; or  it  may  be  placed  in 
the  nippers  L,  Plate  IX.  the  pin  of  which  fits  into  the  hole  in 
the  fiage. 

A List  of  the  Apparatus  to  Culpeper’s  Microscope. 

Five  magnifiers,  each  fitted  in  a brafs  button;  one  of  thefe  is 
feen  at  B,  Plate  IX. 

ALIO  Cl  Qj  V Ml  IT  ’ ' ; . ‘ 

Six  ivory  Aiders,  five  of  them  with  obje&s. 

A brafs  tube  X,  Plate  IX.  to  hold  the  concave  fpeculum. 

The  concave  fpeculum  in  a brafs  box. 

y \ ' • * , ■ f . f (fc  *>  f f ■ /T  , . 

A fiffi-pan. 

A fet  of  glafs  tubes. 

A flat  glafs  fitted  to  the  fiage. 

A concave  glafs  fitted  to  the  fiage, 

' M 2, 
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A pair  of  forceps. 

A fteel  wire,  with  a pair  of  nippers  at  one  end,  and  a point  as 
the  other. 

A fmall  ivory  cylinder,  to  fit  on  the  pointed  end  of  the  afore- 
faid  nippers. 

: •>  '.Jo  d ; : )•  • . ' • 

A convex  lens,  moveable  in  a brafs  femicircle ; this  is  affixed  to 
a long  brafs  pin,  which  fits  into  a hole  on  the  ftage. 

If  the  reader  wants  a more  particular  defcription  of  any  of  the 
articles  of  this  apparatus,  he  will  find  it  at  the  latter  end  of  this, 
chapter. 

A Description  of  the  improved  Solar  Microscope, 

WHICH  IS  CONSTRUCTED  TO  EXHIBIT  TRANSPARENT  AND 

opake  Objects,  Fig.  i,  Plate  V. 

• rli  Me  : 7 V 7 iA 

The  folar  microfcope  is  generally  fuppofed  to  afford  the  moft 
entertainment,  on  account  of  the  wonderful  extent  of  it’s  magni- 
fying power,  and  the  eafe  with  which  feveral  perfons  may  view 
each  fingle  objeft  at  the  fame  time.  The  ufe  of  it  was,  however, 
confined  for  many  years  only  to  tranfparent  objeCts.  About  the 
year  1774,  Mr.  B.  Martin  fo  far  improved  this  inftrument,  as  to 
render  it  applicable  to  opake,  as  well  as  to  tranfparent  ©bjeCis,. 
exhibiting  the  magnified  image  of  either  kind  on  a large  fereen. 
Speaking  of  it  himfelf,  he  fays,  “ With  this  inftrument  all  opake 
objects,  whether  of  the  animal,  vegetable,,  or  mineral  kingdom, 
may  be  exhibited  in  great  perfection,  in  all  their  native  beauty  ; 
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the  lights  and  {hades,  the  prominencies  and  cavities,  and  all  the 
varieties  of  different  hues,  tints,  and  colours,  heightened  by  the 
refle&ion  of  the  folar  rays  condenfed  upon  them/’  Tranfparent 
objefts  are  alfo  fhewn  with  greater  perfection  than  in  the  common 
folar  microfcope. 

Fig.  1,  Plate  V.  reprefents  the  folar  opake  microfcope, 
mounted  for  exhibiting  opake  objeCts. 

Fig.  2,  is  the  fingle  tooth  and  pinion  microfcope,  which  is 
uTed  for  fhewing  tranfparent  objeCis  ; the  cylindrical  tube  Y there- 
of being  made  to  fit  into  the  tube  F E,  Fig.  1. 

FiS-  3’  the  Aider  which  contains  the  magnifiers ; it  fits  into  a 
dove-tail  which  is  at  the  upper  part  of  the  microfcope,  Fig.  2. 

ABCDEF,  Fig.  1,  reprefents  the  body  of  the  folar  micro- 
fcope ; one  part  thereof,  A B CD,  is  conical,  the  other,  C D E F, 
is  cylindrical.  The  cylindrical  part  receives  the  tube  G of  the 
opake  box,  or  the  tube  Y of  the  fingle  microfcope,  Fig.  2. 

At  the  large  end  A B of  the  conical  part,  there  is  a lens  to  re- 
ceive the  rays  from  the  mirror,  and  refraft  them  towards  the  box 

H I K L. 

NOP  is  a brafs  frame,  which  is  fixed  to  the  moveable  circular 
plate  a b c ; in  this  frame  there  is  a plane  mirror,  to  refledl  the 
folar  rays  on  the  afore-mentioned  lens. 

This  mirror  may  be  moved  into  the  mod  convenient  pofition 
for  reflefling  the  light,  by  means  of  the  nuts  O and  R. 

By 
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By  the  nut  O it  may  be  moved  from  eafi  to  weft ; it  may  be 
elevated  or  deprefied  by  the  nut  R. 

d e,  two  ferews  to  fallen  the  microfcope  to  a window-fhutter. 

The  box  for  opake  objefts  is  reprefented  at  H I K L ; it  con- 
tains a plane  mirror  M,  for  refiedling  the  light  that  it  receives 
from  the  large  lens  to  the  obje£l,  and  thereby  illuminating  it ; S 
is  a ferew  to  adjull  this  mirror,  or  place  it  at  a proper  angle  for 
reflefting  the  light. 

V X two  tubes  of  brafs,  one  Aiding  within  the  other,  the  exte- 
rior one  in  the  box  HIKL;  thefe  carry  the  magnifying  lenfes  : 
the  interior  tube  is  fometimes  taken  out,  and  the  exterior  one  is 
then  ufed  by  itfelf.  Part  of  this  tube  may  be  feen  in  the  plate 
within  the  box  HIKL. 

At  H there  is  a brafs  plate,  the  back  part  of  which  is  fixed  to 
the  hollow  tube  h,  in  which  there  is  a fpiral  wire,  which  keeps 
the  plate  always  bearing  againfl  the  fide  H of  the  brafs  box  H I 
K L.  The  Aiders,  with  the  opake  objefts,  pafs  between  this 
plate  and  the  fide  of  the  box ; to  put  them  there,  the  plate  is  to 
be  drawn  back  by  means  of  the  nut  g. 

i k , a door  to  one  fide  of  the  opake  box. 

The  foregoing  pieces  confiitute  the  feveral  parts  neceAary  for 
viewing  opake  objefts.  I fiiall  now  proceed  to  deferibe  the  fingle 
microfcope,  which  is  ufed  for  tranfparent  obje£ls  : but  in  order 
to  examine  thefe,  the  box  HIKL  mufi  be  firfi  removed,  and  in 

it’s 
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it’s  place  we  muft  infert  the  tube  Y of  the  fingle  microfcope  that 
we  are  now  going  to  defcribe. 

Fig.  2,  Plate  Y.  reprefents  a large  tooth  and  pinion  micro- 
fcope ; at  m,  within  the  body  of  this  microfcope,  are  two  thin 
plates,  that  are  to  be  feparated,  in  order  to  let  the  ivory  Aiders 
pafs  between  them  ; they  are  prefled  together  by  a fpiral  fpring, 
which  bears  up  the  under  plate,  and  forces  it  againfl  the  upper 
one. 

The  Aider,  Fig.  3,  that  contains  the  magnifiers,  fits  into  the 
hole  n ; any  of  the  magnifiers  may  be  placed  before  the  objed, 
by  moving  the  aforefaid  Aider  : when  the  magnifier  is  at  the  cen- 
ter of  the  hole  P,  a fmall  fpring  falls  into  one  of  the  notches 
which  is  on  the  fide  of  the  Aider,  Fig.  3. 

Under  the  plate  m are  placed  two  lenfes,  for  enlarging  the  field 
of  view  on  the  fcreen  : the  fmaller  of  the  two  is  fixed  on  a piece 
of  brafs,  and  is  neareft  the  plate  m ; this  is  to  be  taken  out,  when 
the  magnifiers,  No.  4,  5,  or  6,  are  ufed,  or  when  the  megalafcope 
lens,  Fig.  4,  is  ufed ; but  is  to  be  replaced  for  No.  1,  2,  3. 

This  microfcope  is  adjufied  to  the  focus,  by  turning  the  milled 

nut  O. 

To  use  the  Solar  Microscope. 

/ 

Make  a round  hole  in  the  window-Aiutter,  a little  larger  than 
the  circle  a b c ; pafs  the  mirror  CNP  through  this  hole,  and 
apply  the  fquare  plate  to  the  Aiutter ; then  mark  with  a pencil 

the 
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the  places  which  correfpond  to  the  two  holes  through  whieh  the 
fcrew  is  to  pahs ; take  away  the  microfcope,  and  bore  two  holes 
at  the  marked  places,  fufficiently  large  to  let  the  milled  fcrews 
pals  through  them. 

Thefe  fcrews  are  to  pafs  from  the  outfide  of  the  fiiutter,  to  go 
through  it,  and  being  then  fcrewed  into  their  refpe&ive  holes  in 
the  Iquare  plate,  they  will,  when  fcrewed  home,  hold  it  faft 
againfi  the  infide  of  the  fiiutter,  and  thus  fupport  the  microfcope. 

Screw  the  conical  tube  A BCD  to  the  circle  a be,  and  then 
Aide  the  tube  G of  the  opake  box  into  the  cylindrical  part  C D 
E F of  the  body,  if  opake  objefts  are  to  be  examined  ; but  if  they 
be  tranfparent  obje&s  you  mean  to  fhew,  then  place  the  tube  Y 
within  the  tube  C D E F. 

The  room  is  to  be  darkened  as  much  as  poffible,  that  no  light 
may  enter  but  what  pafles  through  the  body  of  the  microfcope  ; 
for,  on  this  circumftance,  together  with  the  brightnefs  of  the  fun- 
fhine,  the  perfeflion  and  diflinflnefs  of  the  image  in  a great  mea- 
fure  depend. 

I (hall  fir  ft  confider  the  microfcope  as  going  to  be  used  for 
opake  objects,  l.  Adjufl  the  mirror  N OP,  fo  as  to  receive  the 
folar  rays,  by  means  of  the  two  finger  fcrews  or  nuts,  O,  R ; the 
firft,  O,  turns  the  mirror  to  the  right  or  left;  the  fecond,  R,  raifes 
or  depreffes  it : this  you  are  to  do  till  you  have  reflefted  the  fun’s 
light  through  the  lens  at  AB,  ftrongly  upon  afereenof  whitepa- 
per, placed  at  lome  dihancc  from  the  window,  and  formed  thereon 
a round  fpot  of  light.  An  unexperienced  obferver  will  find  it  more 

conve- 
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convenient  to  obtain  the  light,  by  forming  this  fpot  before  he  puts 
on  either  the  opake  box,  or  the  tooth  and  pinion  microfcope. 

Now  put  in  the  opake  box,  and  place  the  objeft  between  the 
plates  at  H ; open  the  door  i k,  and  adjult  the  mirror  M,  till  you 
have  illuminated  the  objeft  flrongly.  If  you  cannot  effefl  this  by 
the  fcrew  S,  you  muft  move  the  fcrews  O,  R,  in  order  to  get  the 
light  re  Hefted  Itrongly  from  the  mirror  N O P,  or  the  mirror  M, 
without  which  the  latter  cannot  illuminate  the  objeft. 

The  objeft  being  Itrongly  illuminated,  fhut  the  door  i k,  and 
a diltinfl  view  of  the  objeft  will  foon  be  obtained  on  your  fcreen, 
by  adj Lifting  the  tubes  V X,  which  is  effected  by  moving  them 
•backwards  or  forwards. 

* 

A round  fpot  of  light  cannot  always  be  procured  in  northern 
latitudes,  the  altitude  of  the  fun  being  often  too  low ; neither  can 
it  be  obtained  when  the  fun  is  direftly  perpendicular  to  the  front 
of  the  room. 

As  the  fun  is  continually  changing  it’s  place,  it  will  be  neceflary, 
in  order  to  keep  his  rays  full  upon  the  object,  to  keep  them  con- 
tinually directed  through  the  axis  of  the  inftrument,  by  the  two 
fcrews  O and  R. 

To  view  tranfparent  objects,  remove  the  opake  box,  and  infert 
the  tube  Y of  Fig.  2,  Plate  V.  in  it’s  place ; put  the  flider,  Fig.  3, 
Plate  V.  into  it’s  place  at  n,  and  the  flider,  wiib  the  objefts  be- 
tween the  plates,  at  m;  then  adjuft  the  mirror  N OP,  as  before 
direfled,  by  the  fcrews  Q,  R,  fo  that  the  light  may  pafs  through 
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the  object ; regulate  the  focus  of  the  magnifier  by  the  fcrew  O, 
The  mofl  pleafmg  magnifiers  in  ufe  are  tlie  fourth  and  fifth. 

The  fize  of  the  obje6l  may  be'  increafed  or  diminifhed,  by 
altering  the  diflance  of  the  fcreen  from  the  microfcope  : five  or  fix 
feet  is  a convenient  diflance. 

To  EXAMINE  TRANSPARENT  OBJECTS  OF  A LARGER  SIZE, 
or  to  render  the  inflrument  what  is  ufually  called  a megalafcope, 
take  out  the  flider,  Fig.  3,  from  it’s  place  at  n,  and  fcrew  the  but- 
ton, Fig.  4,  into  the  hole  at  P,  Fig.  2,  and  remove  the  glafs 
which  is  under  the  plate  at  m,  and  regulate  the  light  and  focus, 
agreeable  to  the  foregoing  direftions. 

N.  B.  At  the  end  of  the  tube  G there  is  a lens  for  increafing 
the  denfity  of  the  rays,  for  the  purpofe  of  burning  or  melting  any 
combuflible  or  fufible  fubflance ; this  lens  mud  be  removed  in 
mofl  cafes,  left  the  obje£ls  fhould  be  burnt.  The  intenfity  of  the 
light  is  alfo  varied  by  moving  this  tube  backwards  or  forwards^ 

Apparatus  of  the  opake  Solar  Microscope. 

The  large  fquare  plate  and  mirror. 

The  body  of  the  microfcope. 

The  opake  box  and  it’s  tube. 

The  tooth  and  pinion  microfcope. 


The 


The  flider  with  the  magnifiers. 

The  megalafcope  magnifier. 

The  two  fcrews  Q and  R. 

Some  ivory  Aiders. 

Some  Aiders  with  opake  obje&s. 

A brafs  frame,  with  a bottom  of  foft  deal  to  flick  any  objed  on. 

A brafs  cylinder  K,  Plate  IX.  for  confining  opake  objedls. 

Description  of  the  common  Solar  Microscope, 

Fig.  4,  Plate  VI. 

The  foregoing  defcription  will,  in  a great  part,  anfwer  for  this 
microfcope ; and  I once  intended  to  have  made  only  fome  general 
references  to  the  former,  in  order  to  avoid  that  prolixity  which 
muff  ever  attend  the  detail  of  defcription  : but  when  I confidered, 
that  one  of  thefe  inflruments  might  be  purchafed  by  thofe  who 
would  probably  never  fee  the  other ; and  that  a fmall  difference 
in  conflrudlion  would  embarrafs  the  young  praftitioner,  it  ap- 
peared to  me  more  eligible  to  give  a defcription  of  the  common 
folar  at  full  length,  than  to  curtail  it  through  an  affeflation  of 
brevity. 

This  inflrument  is  reprefented  in  Plate  VI.  at  the  Figures  4, 

5>  6,  7,  8. 
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A BCD,  Fig.  4,  reprefents  the  body  of  the  mierofcope,  con- 
fiding of  two  brafs  tubes.  E F is  the  top  of  the  inner  moveable 
tube  ; the  end  e f of  the  fingle  tooth  and  pinion  mierofcope,  Fig. 
5,  ferews  into  the  top- of  this  inner  tube;  at  the  end  AB  of  the 
external  tube  there  is  a lens,  to  receive  the  light  of  the  fun  from 
the  mirror  K L,  and  to  colledt  and  condenfe  it  on  the  objedl ; the 
end  A B ferews  into  the  circular  plate  GHL 

K L,.  a long  frame  fxed  to  the  moveable  circular  plate;  ins 
this  frame  there  is  a plane  mirror  to  refleft  the  rays  of  the- 
fun  on  the  lens  at  AB» 

An  endlefs  worm  or  ferew,  which  is  cut  on  the  lower  part  of 
the  nut  M,  works  in  a fmall  wheel  which  is  fixed  to  the  frame' 
K L,  fo  that  by  turning  the  nut,  the  frame  K.L  is  moved  up  or 
down  : the  nut  N moves  the  mirror  to  the  right  or  left. 

O,  P,  two  ferews  to  faften  the  fquare  plate  to  the  window- 
flutter. 

Fig.  5,  the  fingle  mierofcope ; e f the  end  which  ferews  on  to 
the  upper  part  E of  the  internal  tube  of  the  body  ; q the  dove- 
tailed fit  for  receiving  the  Aider,  Fig.  8. 

g,  the  hole  in  which  the  megalafcope  magnifier-.  Fig.  6>  is  to 
be  ferewed,  when  the  Aider,  Fig.  8,  is  removed. 

At  h are  the  moveable  plates,  between  which  the  Aiders  are 
placed ; under  the  lowermof  of  thefe  the  lens  reprefented  at  Fig. 
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7 is  to  be  placed,  when  the  magnifiers.  No.  1,  2,  3,  and  4,  are  to 
be  ufed. 

e k is  a fmall  piece  of  rack  work,  which  is  moved  backwards 
and  forwards  by  the  pinion  that  is  fixed  to  the  lower  end  of  the 
milled  nut  b : by  the  gradual  motion  of  this  rack,  the  objefts  are 
adj lifted  to  the  foci  of  the  different  lenfes. 

Fi^.  8 is  a brafs  Aider,  with  four  or  fix  lenfes  or  maonifvin^ 
glaJTes;  it  is  to  be  inferted  into  the  hole  at  q ; -either  of  the  mag- 
nifiers may  be  placed  before  the  obje£l,  by  Aiding  it  one  way  or 
the  other : you  may  perceive  when  the  glafs  is  in  the  center  of 
the  eye  hole  by  a fmall  fp ring,  falling  into  a notch  which  is  made 
on  the  fide  of  the  flider  oppofite  to  each  lens. 

To  use  the  Solar  Microscope. 

Faften  the  fquare  plate  againft  the  infide  of  a window-fhutter, 
by  the  two  fcrews  O,  P,  which  are  to  go  from  the  outfide  of  the 
windowr-fhutter  through  it,  and  then  be  fcrewred  into  then' 
refpeftive  holes  in  the  fquare  plates  G HL  The  mirror  is  to  be 
on  the  outfide  of  the  flutter,  pafting  through  a hole  made  for 
that  purpofe.. 

Darken  the  room  ; then  place  a fcreen  at  a convenient  diftance 
from  the  window,  the  farther  it  is  from  it  the  larger  is  the  image : 
now  move  the  mirror  K L by  the  twTo  nuts  M,  N,  till  the  fun’s 
rays  come  through  the  inftrument  in  an  horizontal  direflion  to 
die  fcreen,  forming  a round  ipot  thereon ; fcrew  the  microfcope, 
Fig.  5,.  into  it’s  place  E F ; put  the  flider,  with  the  lens,  Fig.  8, 
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in  it’s  proper  fituation,  and  the  object  flider  between  the  plates  at 
h ; adjuft  the  objed  to  the  focus  of  the  magnifying  lens  by  the 
fcrew  b,  till  the  objed  appears  dihind  and  clear  on  the  fcreen. 
By  moving  the  internal  tube  of  the  body,  the  objed  may  be 
placed  at  different  dillances  from  the  lens  which  is  fixed  at  A B, 
fo  as  to  be  fufficiently  'illuminated,  and  yet  not  fcorched  by  the 
folar  rays. 

Apparatus  belonging  to  the  common  Solar  Microscope. 

* 

Square  plate  and  mirror. 

The  body,  confiding  of  two  tubes,  one  within  the  other. 

The  fingle  microfcope. 

The  megalafcope  lens.  Fig.  6. 

The  flider,  Fig.  8,  with  fix  Ienfes. 

The  two  fcrews  O,  P. 

Six  ivory  Aiders  and  a talc  box. 

Some  glafs  tubes. 


A flider,  or  brafs  cafe,  containing  a plane  piece  of  glafs,  and  a 
brafs  flider  with  holes,  into  which  are  cemented  fmall  concave 
glafles,  defigned  for  confining  fmall  infeds  between  the  plane  and 
a concave 
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concave  glafs,  which  are  thus  preferved  from  being  crufhed,  and 
prevented  from  wandering  out  of  the  field  of  view. 

The  Screw  Barrel,  or  Wilson’s  single  Pocket 
Microscope,  Fig.  1 and  2,  Plate  II.  B.  . 

This  microfcope  of  Mr.  Wilfon’s  is  an  invention  of  many  years 
handing,  and  was  in  fome  meafure  laid  afide,  till  Dr.  Lieberkuhn 
introduced  the  folar  apparatus,  to  which  he  applied  it,  there 
beino-  no  other  inftrument  at  that  time  which  would  anfwer  his 
purpofe  fo  well ; fince  wrhich  time  it  has  been  revived,  and  much 
efteemed,  though  very  troublefome  in  many  cafes. 

The  body  of  the  microfcope  is  reprefented  by  AB,  Fig.  1, 
and  is  made  either  of  filver,  brafs,  or  ivory. 

C C is  a long  fine- threaded  male  fcrew  that  turns  into  the 
body  of  the  microfcope. 

D,  a convex  glafs  at  the  end  of  the  faid  fcrew,  on  which  may 
be  placed,  as  occafion  requires,  one  of  the  twTo  concave  pieces  of 
thin  brafs,  with  holes  of  different  diameters  in  the  center  of  them, 
to  cover  the  faid  glafs,  and  thereby  diminifh  the  aperture  when 
the  greateft  magnifiers  are  ufed. 

E,  three  thin  plates  of  brafs  within  the  body  of  the  microfcope, 
one  wrhereof  is  bent  femicircularly  in  the  middle,  fo  as  to  form 
an  arched  cavity  for  the  reception  of  a tube  of  glafs. 


F,  a 
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F,  a piece  of  wood  or  brafs,  arched  in  the  manner  of  t he  faid 
jplate,  and  faflened  thereto. 

G,  the  other  end  of  the  microfcope,  where  a hollow  female 
fcrew  is  adapted  to  receive  the  different  magnifiers. 

H,  a fpiral  fpring  of  fleel  between  the  faid  end  G and  the 
plates  of  brafs  E,  intended  to  keep  the  plates  in  a due  pofition, 
and  counteraft  againff  the  long  fcrew  G 

I,  a final!  turned  handle,  for  the  better  holding  the  inffrument, 
which  fcrews  on  and  off  at  pleafure. 

To  this  microfcope  belong  feven  different  magnifying  glaffes, 
fix  of  which  are  fet  either  in  filver,  brafs,  or  ivory,  as  in  the 
figure  K,  and  are  marked  1,  2,  3,  4,  5,  6 : obferve,  the  lowed: 
numbers  are  the  greateft  magnifiers.  L is  the  feventh  magnifier, 
fet  in  the  manner  of  a little  barrel,  to  be  held  in  the  hand  for 
viewing  any  larger  objedt. 

M is  a flat  flip  of  ivory,  called  a Aider,  with  four  round  holes 
through  it,  wherein  to  place  objedfs  between  two  mufcovy  talcs. 

Six  fuch  ivory  Aiders,  and  one  of  brafs,  are  ufually  fold  with 
this  microfcope,  feme  with  objedls  placed  in  them,  and  others 
empty,  for  viewing  any  thing  that  may  offer ; but  whoever  pleafes 
to  make  a large  colledlion  of  objedis,  may  have  as  many  as  he 
defires.  There  is  alfo  a brafs  Aider,  not  exprefled  in  the  figure, 
to  confine  any  final  1 objedf,  that  it  may  be  viewed  without  cradl- 
ing or  deflroying  it. 

Nis 
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N is  a pair  of  forceps,  or  pliers,  for  the  taking  up  of  infe&sor 
other  obje&s,  and  adj  ufting  them  in  the  glaffes. 

O,  a little  hair  brufh  or  pencil,  wherewith  to  take  up  and 
examine  a fmall  drop  of  liquid. 

P is  a tube  of  glafs  to  confine  living  obje&s,  fuch  as  frogs, 
fifties,  &c.  in  order  to  difcover  the  circulation  of  the  blood. 

When  you  would  view  an  objeft,  thruft  the  ivory  fiider,  in 
which  the  faid  objeff  is  placed,  between  the  two  flat  brafs  plates, 
obferving  always  to  put  that  fide  of  the  Aider  where  the  brafs 
rings  are  fartheft  from  the  eye  ; then  fcrew  in  the  magnifying 
glafs  you  intend  to  ufe  at  the  end  of  the  inftrument  G,  and  look- 
ing  through  it  againft  the  light,  turn  the  long  fcrew  CC  till  your 
objefl  is  brought  to  the  true  focal  diftance,  which  you  will  know 
by  it's  appearing  perfeflly  clear  and  diftinfl. 

The  way  of  examining  any  objefl  accurately,  is  to  look  at  it, 
firft,  through  a magnifier  that  will  fhew  the  whole  at  once, 
and  afterwards  to  infpetl  the  feveral  parts  more  particularly  with 
one  of  the  greateft  magnifiers ; for  thus  you  will  gain  a true  idea 
of  the  whole,  and  all  it’s  parts  : and  though  the  greateft  magni- 
fiers can  fhew  but  a minute  portion  of  any  object  at  once,  fuch 
as  the  claw  of  a flea,  the  horn  of  a loufe,  or  the  like,  yet  by 
gently  moving  the  Aider  that  contains  your  object,  the  eye  will 
gradually  fee  the  whole  ; and  if  any  part  fhould  be  out  of  the 
focal  diftance,  the  fcrew  C C will  eafily  bring  it  to  the  true  focus. 
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As  objefls  muff  be  brought  very  near  the  glades  when  the 
greatefl  magnifiers  are  ufed,  be  particularly  careful  not  to  fcratch 
them,  by  rubbing  the  Aider  againft  them  as  you  move  it  in  or 
out.  A few  turns  of  the  fcrew  C C will  eafily  prevent  this  mif- 
chief,  by  giving  it  room  enough. 

Description  of  a Scrole  for  fixing  Wilsons  Pocket 

Microscope,  and  reflecting  Light  to  it  by  a 

Mirror. 

ABC,  Fig.  2,  is  a brafs  fcrole,  which,  for  the  better  conve- 
niency  of  carriage,  is  fo  ordered  as  to  take  into  three  parts,  and 
put  into  the  drawer  upon  which  it  (lands,  with  it’s  refle&ing  mir- 
ror and  Wilfon’s  pocket  microfcope. 

The  top  part  of  the  fcrole  is  taken  off  at  B,  by  unfcrewing  half 
a turn  of  the  fcrew ; then  lift  it  up,  and  it  comes  out  of  the 
locket.  The  lower  part  unfcrews  at  C,  and  the  bafe  unfcrews 
at  E. 

The  mirror  lifts  out  at  F,  which,  with  the  fcrole,  lie  in  one 
partition  of  the  box. 

To  apply  this  fcrole  to  ufe,  fix  the  body  of  the  microfcope  to 
the  top  thereof  by  the  (crew  A,  as  in  Fig.  2,  by  fcrewing  it  in 
the  fame  hole  as  the  ivory  handle. 

The  brafs  or  ivory  Aider  being  fixed  as  before  defcribed,  and 
the  microfcope  placed  in  a perpendicular  pofition,  move  the  re- 
Ae£ling  glafs  D in  fuch  a manner  as  to  caff  the  light  of  the  fky, 
a the 
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the  fun,  or  a candle,  dire&ly  upwards  through  the  microfcope  * 
by  which  means  it  is  made  to  anfwer  moft  of  the  ends  of  a double 
refledling  microfcope. 

It  is  alfo  rendered  more  ufeful  for  viewing  opake  cbjedls  by 
fcrewing  the  arm  OR,  Fig.  1,  into  the  body  of  the  microfcope  at 
G ; then  fcrewing  into  the  round  hole  R that  magnifier  which  you 
think  will  bed  luit  your  objedi,  and  putting  the  concave  fpeculum 
S,  on  to  the  outfide  of  the  ring  R,  you  will  find  in  the  body  of  the 
microfcope,  between  the  wood  or  brafs  F,  and  the  end  of  the 
male  fcrew  C C,  a fmall  hole  u,  through  which  hides  the  long 
wire  T,  which  has  a point  at  one  end  and  forceps  at  the  other, 
that  may  be  ufed  occafionally,  as  your  objedl  requires : when  you 
have  fixed  this,  and  your  objedi  on  it,  turn  the  arm  R,  which  is 
performed  by  two  motions,  till  the  magnifier  is  brought  over  the 
objedt ; it  may  be  then  adjuffed  to  the  true  focus,  by  turning  the 
male  fcrew  C C in  the  fame  manner  as  before  defcribed.  It  muff, 
alfo  be  turned  exadlly  over  the  fpeculum,  by  twilling  the  upper 
part  of  the  fcrole  to  one  fide,  till  your  objedi  and  the  two  fpecu- 
lums  are  in  one  line,  as  will  be  found  by  trial ; and  then  fix  it  bv 
the  fcrew  B,  at  which  time  the  upper  furface  of  the  objedi  will  be 
fo  exceedingly  enlightened  by  the  light  refledled  upward  from 
the  mirror  to  the  concave  fpeculum,  as  to  be  feen  as  clear  and 
diflindl  as  any  tranfparent  one. 

Description  of  a small  Microscope  for  opake  Objects, 
Fig.  3 and  4,  Plate  II.  B. 

A,  Fig.  4,  is  a fixed  arm,  through  which  paffes  a fcrew  B, 
the  other  end  wdiereof  is  faflened  to  the  moveable  arm  C. 

O 2 D is 
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D is  a nut  fitted  to  the  faid  lerew,  which,  when  turned,  will 
either  feparate  or  bring  together  the  two  arms  A C. 

E is  a fieel  fpring,  that  feparates  the  two  fides  when  the  nut 
is  unfcrewed. 

F,  a piece  of  brafs  turning  round  in  a focket,  whence  proceeds 
a fpringing  tube,  moving  on  a rivet,  through  which  runs  a fieel 
wire,  one  end  of  which  finifhes  in  a point  G,  and  the  other  end 
hath  a pair  of  pliers  H foldered  to  it ; thefe  are  either  to  thruft 
into,  or  to  take  up  and  hold  any  object,  and  may  be  turned 
round  as  required. 

I,  a ring  of  brafs,  with  a female  fcrew  fixed  on  an  upright 
piece  of  the  fame  metal,  which  turns  on  a rivet,  that  it  may  be 
fet  at  a due  difiance  when  the  leaft  magnifiers  are  ufed,  and 
ferves  the  fcrews  of  all  the  magnifiers. 

K,  a concave  fpeculum  of  filver,  polifhed  as  bright  as  pofiible, 
in  the  center  of  which  a double  convex  lens  is  placed,  with  a 
proper  aperture  to  look  through  it.  On  the  back  of  this  fpecu- 
lum a male  fcrew  L is  made  to  fit  the  brafs  ring  I,  which  may  be 
fcrewed  into  the  faid  ring  at  pleafure. 

Four  of  thefe  concave  fpecula,  of  different  depths,  are  fitted  to 
four  glalfes  of  different  magnifying  powers,  to  be  ufed  as  the  ob- 
jects to  be  examined  may  require.  The  greateft  magnifiers  have 
the  leaft  apertures. 

M,  a 
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M,  a round  objeft  [date,  one  fide  white,  and  the  other  black, 
intended  to  render  objefits  the  more  vifible,  by  placing  them,  if 
black,  upon  the  white,  and  if  white,  on  the  black  fide. 

A fieel  fpring  N turns  down  on  each  fide,  to  make  any  object 
fall : from  the  objeft  plate  there  is  a hollow  pipe,  to  fcrew  it  on 
the  needle’s  point  G. 

O,  a fmall  box  of  brafs,  with  a glafs  on  each  fide,  contrived 
to  confine  any  living  objefil  in  order  to  examine  it ; this  alfo  has 
a pipe  to  fcrew  upon  the  end  of  the  needle  at  G. 

P,  a turned  handle  of  ivory,  to  fcrew  into  the  infirument  when 
it  is  made  ufe  of. 

O,  a pair  of  pliers  to  take  up  any  objefil,  or  manage  it  with 
conveniency. 

R,  a foft  hair  brufh,  to  clean  the  glafies  or  fpecula. 

When  you  would  view  any  objeft,  fcrew  the  fpeculum,  with 
the  magnifier  you  intend  to  ufe,  into  the  brafs  ring  I ; place  your 
objeft  either  on  the  needle  G,  in  the  pliers  H,  on  the  objeft 
plate  M,  or  in  the  brafs  hollow  box  O,  as  may  be  molt  conve- 
nient, according  to  the  nature  and  condition  of  it ; then  holding 
up  your  infirument  by  the  handle  P,  look  againft  the  light 
through  the  magnifying  lens,  and  by  means  of  the  nut  D,  toge- 
ther with  the  motion  of  the  needle,  by  managing  it’s  lower  end, 
the  object  may  be  turned  about,  raifed  or  deprefied,  brought 
nearer  the  glafs,  or  put  farther  from  it,  till  you  hit  the  true  focal 

difiance. 
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diftance,  and  the  light  be  Teen  refle&ed  from  the  fpcculum 
ftrongly  upon  the  objedl,  by  which  means  it  will  appear  very 
diftinH  and  clear. 

Of  Ellis’s  Single  or  Aquatic  Microscope,  Plate  VII. B. 

This  inftrument  takes  it’s  name  from  Mr.  John  Ellis,  author  of 
“ An  Eflay  towards  a Natural  Hiftory  of  Corallines,”  and  of  the 
“ Natural  Hiftory  of  many  curious  and  uncommon  Zoophytes.” 
This  was  the  inftrument  that  he  made  ufe  of,  and  by  which  he 
was  enabled  to  explain  many  fingularities  in  the  oeconomy  and 
conftruftion  of  thefe  wonderful  produftions  of  nature.  To  the 
practical  botanift  this  inftrument  is  recommended,  by  the 
refpeftable  authority  of  Mr.  Curtis,  author  of  the  Flora  Londi- 
nenfts,  a work  which  does  credit  to  the  author  and  the  nation. 
This  microfcope  is  fimple  in  it’s  conftruftion,  eafy  in  it’s  ufe,  and 
very  portable ; thefe  advantages,  as  well  as  fome  others  which  it 
alfo  has  over  every  other  portable  microfcope,  have  accelerated 
the  fale  thereof,  and  caufed  it  to  be  very  much  adopted. 

Description  of  the  various  Parts  of  the  Microscope. 

K,  the  box  which  contains  the  whole  apparatus ; it  is  gene- 
rally made  of  fifh-fkin ; on  the  top  of  the  box  there  is  a female 
fcrew,  for  receiving  the  fcrew  which  is  at  the  bottom  of  the  pillar 
A,  a pillar  of  brafs  which  is  fcrewed  on  the  top  of  the  box  K. 

D,  a brafs  pin  which  fits  into  the  pillar ; on  the  top  of  this  pin 
is  a hollow  focket-  to  receive  the  arm  which  carries  the  magnifiers  ; 
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the  pin  is  to  be  moved  up  and  down,  in  order  to  adjtift  the  lenfes 
to  their  focai  or  proper  dillance  from  the  objedL 

N.  B.  In  the  reprefentation  of  this  microfcope,  Plate  VII.  B. 
Fig.  l,  die  pin  D is  delineated  as  palfing  through  a focket  at 
one  fide  of  the  pillar  A;  whereas  it  is  ufual  at  prelent  to  make  it 
pafs  down  a hole  bored  through  the  middle  of  the  pillar. 

E,  the  bar  which  carries  the  magnifying  lens  ; it  fits  into  the 
focket  X which  is  at  the  top  of  the  pillar  D.  This  arm  may  be 
moved  backwards  and  forwards  in  the  focket  X,  and  fideways  by 
the  pin  D,  fo  that  the  magnifier,  which  is  fcrewed  into  the  ring 
at  the  end  E of  this  bar,  may  be  eafily  made  to  traverfe  over  any 
part  of  the  objeft  that  lays  on  the  ftage  or  plate  B. 

E F is  a polifhed  filver  fpeculum,  with  a magnifying  lens, 
placed  at  the  center  thereof,  wdiich  is  perforated  for  this  purpofe. 
The  filver  fpeculum  fcrews  into  the  arm  E as  at  F. 

G,  another  fpeculum,  with  its  lens,  which  is  of  a different 
magnifying  power  from  the  former. 

H,  the  femicircle  which  fupports  the  mirror  I ; the  pin  R, 
affixed  to  the  femicircle  H,  palles  through  the  hole  which  is  to- 
wards the  bottom  of  the  pillar  A. 

B,  the  Page,  or  the  plane,  on  which  the  objefts  are  to  be 
placed ; it  fits  into  the  fmall  dove-tailed  arm  which  is  at  the 
upper  end  of  the  pillar  D A. 


C,  a 
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C,  a plane glafs,  with  a fmall  piece  of  black  filk  (luck  on  it; 
this  glafs  is  to  lay  in  a groove  made  in  the  ftage  B. 

M,  a hollow  glafs,  to  be  laid  occafionally  on  the  ftage  inftead 
of  the  plane  glafs  C. 

L,  a pair  of  nippers.  Thefe  are  fixed  to  the  ftage  by  the  pin 
R ; the  fteel  wire  of  thefe  nippers  Aides  backwards  and  forwards 
in  the  focket,  and  this  focket  is  moveable  upwards  and  down- 
wards by  means  of  the  joint,  fo  that  the  pofition  of  the  object 
may  be  varied  at  pleafiire.  The  objeft  ma!y  be  fixed  in  the  nip- 
pers, ftuck  on  the  point,  or  affixed  by  a little  gum  water,  &c. 
to  the  ivory  cylinder  N. 

O,  a fmall  pair  of  forceps  to  take  up  fmall  obje6ls. 

P,  a brufii  to  clean  the  glaffes. 

To  use  Ellis’s  Microscope. 

Take  all  the  parts  of  the  apparatus  out  of  the  box ; then  be- 
gin by  fcrewing  the  pillar  A to  the  cover  thereof;  pafs  the  pin 
R of  the  femicircle  which  carries  the  mirror  through  the  hole 
that  is  near  the  bottom  of  the  pillar  A ; pufh  the  ftage  into  the 
dove-tail  at  B,  Aide  the  pin  into  the  pillar,  (fee  the  N.  B.  above) 
then  pafs  the  bar  E through  the  focket  which  is  at  the  top  of  the 
pm  D,  and  fcrew  one  of  the  magnifying  lenfes  into  the  ring  at  F. 
The  microfcope  is  now  ready  for  life  ; and  though  the  enumera- 
tion of  the  articles  may  lead  the  reader  to  imagine  the  inftrument 
to  be  of  a complex  nature,  we  can  fafely  affirm,  that  he  will  find 
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it  otherwife.  The  inftrument  lias  this  peculiar  advantage,  that 
it  is  difficult  to  put  any  of  the  pieces  in  a place  which  is  appro- 
priated to  another. 

Let  the  object  be  now  placed  either  on  the  flage  or  in  the  nip- 
pers L,  and  in  fuch  manner,  that  it  may  be  as  nearly  as  poffible 
over  the  center  of  the  flage  : bring  the  fpeculum  F over  the  part 
you  mean  to  obferve ; then  throw  as  much  light  on  the  fpeculum 
as  you  can,  by  means  of  the  mirror  I L,  and  the  double  motion 
of  which  it  is  capable  ; the  light  received  on  the  fpeculum  is  re- 
flected by  it  on  the  objeCl.  The  diftance  of  the  lens  F from  the 
objeCt  is  regulated  by  moving  the  pin  D up  and  down,  until 
a diftinCt  view  of  it  is  obtained.  The  rule  which  I obferve 
is,  to  place  the  lens  beyond  it’s  focal  diftance  from  the  objeCt, 
and  then  gradually  flide  it  down,  till  the  objeCt  appears  fharp  and 
well  defined.  The  adjuflment  of  the  lenfes  to  their  focus,  and 
the  diftribution  of  the  light  on  the  objeCt,  are  what  require  the 
molt  attention  ; on  the  firft  the  diftinCinefs  of  the  vifion  depends ; 
the  pleafure  arifing  from  a clear  view  of  the  parts  under  obferva- 
tion,  is  due  to  the  modification  of  the  light.  No  precife  rule  can 
be  given  for  attaining  accurately  thefe  points ; it  is  from  praCtice 
alone  that  ready  habits  of  obtaining  thefe  neceffary  properties  can 
be  acquired  ; with  the  abidance  of  this  no  difficulty  will  be 
found. 

Thefe  microfcopes  are  fometimes  fitted  up  with  a toothed  rack 
and  pinion,  for  the  more  ready  adjuflment  of  the  glafles  to  their 
proper  focus. 
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Description  of  Lyonet’s  Anatomical  Microscope, 

Fig.  3,  Plate  VI. 

Fig.  3 reprefents  the  inflrument  with  which  M.  Lyonet  made 
his  microfcopical  and  wonderful  diffeflion  of  the  chenille  de  faule, 
of  which  a fpecimen  is  given  in  Plate  XII.  Fig.  1,  &c.  of  this  work. 
This  little  inllrument  needs  no  further  recommendation  ; aided 
by  it,  other  obfervers  may  be  enabled  to  diffeft  other  infe&s  with 
the  fame  accuracy  as  M.  Lyonet,  and  thus  advance  the  know- 
ledge of  comparative  anatomy,  by  which  alone  the  chara&eriflic, 
nature,  and  rank  of  animals,  can  be  truly  afcertained. 

A B is  the  anatomical  table,  which  is  fupported  by  the  pillar 
N O ; this  is  fcrewed  on  the  foot  C D.  The  table  A B is  pre- 
vented from  turning  round,  by  means  of  two  Heady  pins  ; in  this 
table  or  board  there  is  a hole  G,  which  is  exaftly  over  the  center 
of  the  mirror  E F,  that  is  to  reflett  the  light  on  the  objeft ; the 
hole  G is  defigned  to  receive  a flat  or  concave  glafs,  on  which  the 
objefts  are  to  be  placed  that  you  defign  to  examine. 

R X Z is  an  arm  formed  of  feveral  bails  and  fockets,  by  which 
means  it  may  be  moved  in  every  pofhble  fituation  ; it  is  fixed  to 
the  board  by  means  of  the  lerew  FI ; the  laffc  arm  I Z has  a female 
fcrew,  into  which  a magnifier  may  be  fcrewed  as  at  Z.  By 
means  of  the  fcrew  FI,  a fmall  motion  may  be  occafionally  given 
to  the  arm  I Z,  for  adjufting  the  lens  with  accuracy  to  its  focal 
diflance  from  the  obje£i. 

Another  chain  of  balls  is  fometimes  ufed,  carrying  a lens  to 
throw  light  upon  the  obje£l ; the  mirror  is  alio  fo  mounted,  as  to 
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be*  taken  from  it’s  place  at  K,  and  fitted  on  a clamp,  by  which  it 
may  be  fixed  to  any  part  of  the  table  A B. 

To  use  the  Dissecting  Table. 

Let  the  operator  fet  with  his  left  fide  near  a light  window  ; the 
inflrument  being  placed  on  a firm  table,  the  fide  D H towards  the 
fiomach,  the  obfervations  fhould  be  made  with  the  left  eye  ; this 
pofition  is  well  adapted  for  obferving  drawing  or  writing.  In 
differing,  the  two*>elbows  are  to  be  fupported  by  the  table  on 
which  the  infirument  refis,  the  hands  refting  againft  the  board 
A B ; in  order  to  give  it  greater  liability,  (as  a fmall  fhake, 
though  imperceptible  to  the  naked  eye,  is  very  vifible  in  the 
micro fcope)  the  differing  inllruments  are  to  be  held  one  in  each 
hand,  between  the  thumb  and  two  fore-fingers.  Other  circum- 
fiances  will  be  learnt  from  pra6lice ; and  more  will  be  faid  on  the 
mode  of  difiefting  fmall  obje£ls  in  the  following  chapter. 

Description  of  Dr.  Withering’s  Botanical  Microscope, 

Fig.  1,  Plate  VI. 

This  little  infirument  is  reprefented  at  Fig.  1,  Plate  VI.  It  con- 
fifis  of  three  brafs  plates.  A,  B,  C,  which  are  parallel  to  each 
other ; the  wires  D and  E are  rivetted  into  the  upper  and  lower 
plate,  which  are  by  this  means  united  to  each  other  j the  middle 
plate  or  ftage  is  moveable  on  the  aforefaid  wires,  by  two  little 
fockets  which  are  fixed  to  it. 
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The  two  upper  plates  each  contain  a magnifying  lens,  but  of 
different  powers  : one  of  thefe  confines  and  keeps  in  their  places 
the  fine  point  F,  the  forceps  G,  and  the  fmall  knife  H. 

To  ufe  this  inflrument,  unfcrew  the  upper  lens,  and  take  out 
the  point,  the  knife,  and  the  forceps ; then  fcrew  the  lens  on 
again,  place  the  objefl  on  the  flage,  and  then  move  it  up  or 
down  till  you  have  gained  a diflinfl  view  of  the  obje6l,  as  one 
lens  is  made  of  a fhorter  focus  than  the  other ; and  fpare  lenfes, 
of  a dill  deeper  focus,  may  be  had  if  required.  This  little  micro - 
fcope  is  the  invention  of  Dr.  Withering,  and  is  defcribed  by  him 
in  his  “ Botanical  Arrangements  J5  It’s  principal  merit  is,  it’s 
plicity. 

Common  Botanical  Microscope. 

This  little  inflrument  is  reprefented  at  Fig.  2,  Plate  VI.  It 
appears  to  me  preferable  to  Dr.  Withering’s,  being  equally 
fimple,  more  extenfive  in  it’s  application,  and,  the  flage  un- 
incumbered; though  that  of  M.  Lyonet  feems  better  adapted 
than  either  to  the  purpofes  of  difle&ion. 

•*q  ' '!  1 " ■.  T ii  ft;  if  / \t 

A B,  a fmall  arm,  carrying  the  two  magnifiers,  one  fixed  to 
the  upper  part  as  at  B,  the  other  to  the  lower  part  of  the  arm  at 
C ; thefe  may  be  ufed  feparately  or  combined  together.  The 
arm  A B is  fupported  by  the  fquare  pillar  I K,  the  lower  end  of 
which  fits  into  the  focket  E of  the  foot  F G ; the  flage  D L is 
made  to  flide  up  and  down  the  fquare  pillar  ; H,  a concave  mir- 
ror for  refle&ing  light  on  the  objefl. 
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To  life  this  microfcope,  place  the  objeft  on  the  ftage,  refleft 
the  light  on  it  from  the  concave  mirror,  and  regulate  it  to  the 
focus,  by  moving  the  ftage  nearer  to  or  further  from  the  lens  at 
B.  The  ivory  fliders  pafs  through  the  ftage ; other  objefts  may 
be  fixed  in  the  nippers  L M,  and  then  brought  under  the  eye- 
glaftes  ; or  they  may  be  laid  on  one  of  the  glaffes  which  fit  the 
ftage. 

The  apparatus  to  this  inftrument  confifts  of  three  ivory  fliders, 
a pair  of  nippers,  a pair  of  forceps,  a flat  glafs,  and  a concave 
ditto,  both  fitted  to  the  ftage. 

Botanical  Magnifiers.. 

Since  botany  has  been  cultivated  with  fo  much  ardor,  it  has 
been  found  neceffary  to  contrive  fome  very  portable  inftrument, 
by  which  the  botanift  might  inveftigate  the  objeft  of  his  purfuits-, 
as  it  riles  before  him.  Figures  7 and  8,  Plate  VIII.  reprefent 
two,  the  moft  convenient  of  this  kind. 

In  the  cafe,  Fig.  8,  are  three  lenfes,  g,  h,  i,  of  different  mag- 
nifying powers,  that  all  turn  up  and  fliut  into  the  cafe. 

Fig.  7 contains  alfo  three  lenfes,  a , b,  d,  of  different  foci,  which* 
are  all  made  to  turn  into  the  cafe,  and  may  be  ufed  combined  or 
leparately. 

The  three  lenfes  in  themfelves  afford  three  different  magnify- 
ing powers ; by  combining  two  and  two  we  make  three  more ; 
the  three  together  make  a feventh  magnifying  power  with  three 

lenfes*. 
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lenfes.  When  the  three  Ienfes  are  ufed  together,  it  is  belt  to  turn 
them  into  the  cafe,  and  look  through  the  hole,  as  this  combined 
magnifying  power  is  fo  great,  that  it  requires  to  have  a portion 
of  the  light  which  falls  on  the  lenfes  excluded,  in  order  to  attain 
dillinft  vifion.  Further,  the  eye  is  alfo  by  this  means  made  to 
coincide  more  eafily  with  the  axis  of  the  glafies. 

Description  of  a portable  Microscope  and  Telescope, 
Fig.  l,  2,  3,  4,  5,  6,  Plate  VIII. 

The  telefcope  is  one  of  thofe  which  are  compofed  of  feveral 
Hiding  drawers  or  tubes,  for  the  convenience  of  being  put  in  the 
pocket ; the  Hiding  tubes  are  made  of  thin  brafs,  the  outfide  tube 
of  mahogany. 

The  Hiding  tubes  are  contrived  to  Hop  when  drawn  out  to  a 
proper  length,  fo  that  by  applying  one  hand  to  the  outfide  tube, 
and  the  other  hand  to  the  end  of  the  fmalleft  tube,  the  telefcope 
may  be  at  one  pull  drawn  out  it’s  whole  length  ; then  any  of  the 
tubes  (that  next  the  eye  is  mofl:  generally  ufed)  may  be  puflied  in 
gradually  while  you  are  looking  through,  till  the  objefl  is  ren- 
dered diftinft.  to  the  fight. 

To  make  the  tubes  Hide  properly,  they  all  pafs  through  Ihort 
fprings  or  tubes ; thefe  fprings  may  be  unfcrewed  from  the  ends 
of  the  Hiding  tubes  by  means  of  the  milled  edges  which  projeft 
abcrve  the  tubes,  and  the  tubes  taken  from  each  other  if  required, 
and  the  fpring  fet  clofer  if  it  is  too  weak. 


Fig. 
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Fig.  5 reprefents  the  exterior  tube  of  the  telefcope,  which  is 
to  be  unfcrewed  from  the  reft,  as  it  does  not  make  any  part  of 
the  microfcope;  the  cover  k,  which  prote&s  the  objeft-glafs, 
ferves  alfo  as  a box  to  contain  the  fliders  with  the  objefts,  and  a 
finall  mirror. 

Fig.  4 is  a view  of  this  cover  when  taken  off’:  unfcrew  the  top 
part  of  it,  and  the  mirror,  Fig.  6,  may  be  taken  out ; unfcrew  the 
cover  of  the  lower  part,  and  you  will  find  therein  the  two  circu- 
lar fliders  reprefented  at  Fig.  l and  2. 

Fig-  3 reprefents  the  three  internal  tubes  of  the  telefcope, 
which  conftitute  the  microfcopic  part  thereof.  Draw  the  tubes 
out  in  the  manner  that  is  feen  in  Fig.  3 ; then  on  the  infide,  but 
at  the  lower  end  of  the  exterior  tube,  you  will  find  a fhort  tube, 
which  ferves  as  a ftage  to  hold  the  objeft  and  fupport  the  mir- 
ror ; pull  this  tube  partly  out,  and  turn  it,  fo  that  a circular  hole 
which  is  pierced  in  it  may  coincide  with  a fimilar  hole  in  the  ex- 
terior tube.  This  tube  is  reprefented  as  drawn  out  at  Fig.  3,  the 
mirror,  Fig.  4,  placed  therein  at  L M,  and  the  tranfparent  flider 
fixed  at  N O. 

Fig.  1 reprefents  the  flider  with  tranfparent  objefts. 

Fig.  2,  that  with  opake.  They  are  made  of  ivory,  and  turrr 
on  a pin  at  the  center ; the  flit  end  of  this  pin  fits  on  the  edge  of 
the  tube,  which  is  then  to  be  pufhed  up,  fo  that  the  lower  end  of 
the  exterior  tube  may  bear  lightly  on  the  upper  fide  of  the  flider, 
agreeable  to  the  view  which  is  given  at  Fig.  3.  Now  puflr  down 
the  fecond  tube  till  the  milled  part  falls  on  the  milled  edge  of  the 
6 exterior 
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exterior  tube,  being  careful  of  the  circular  hole  in  the  exterior 
one.  Nothing  now  remains  to  be  done  but  to  adjuft  for  the 
focus,  which  is  effedled  by  pufhing  down  the  tube  T V till  the 
objedi  appears  diftindt. 

The  inftrument  may  be  ufed  in  two  ways  for  tranfparent  ob- 
jedis ; firft,  in  a vertical  pofition,  when  the  light  is  to  be  thrown 
on  the  objedi  by  the  mirror  LM;  or  it  may  be  examined  by 
looking  up  diredily  at  the  light ; in  the  latter  cafe  the  mirror 
muft  be  taken  away. 

In  viewing  opalce  objedis  the  mirror  is  of  no  ufe ; as  much 
light  as  poftible  muft  be  let  fall  on  them  through  the  circular 
holes  of  the  tubes. 

Any  objedi  may  be  viewed  by  firft  pufhing  the  tube  I R,  and 
then  bringing  the  tube  T to  it’s  focal  diftance  from  the  objedt. 

A Description  of  those  Parts  of  a Microscopical 

^Apparatus,  which  are  delineated  in  Plate  IX. 

A and  B reprefent  the  brafs  cells  which  contain  the  magni- 
fiers belonging  to  the  different  kinds  of  compound  microfcopes. 
The  magnifiers  are  fometimes  contained  in  a flider  like  that  which 
is  delineated  at  Fig.  3,  Plate  V.  The  lenfes  of  A and  B are  con- 
fined by  a final  1 cap  ; on  unfcrewing  this,  the  fmall  lens  may  be 
taken  out  and  cleaned.  The  magnifiers  A of  the  lucernal  micro- 
fcope  are  fo  contrived,  that  any  two  of  them  may  be  fcrewed 
together,  by  which  means  a confiderable  variety  of  magnifying 
power  is  obtained. 
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To  get  at  the  lenfes  in  the  Aider,  Fig.  3,  Plate  V.  take  out  the 
two  fcrews  which  hold  on  the  cover. 

C,  Plate  IX.  reprefents  the  general  form  of  the  Aider-holder. 
It  confifis  of  a cylindrical  tube,  in  which  an  inner  tube  is 
forced  up  by  a fpring.  It  is  ufed  to  receive  the  ivory  or  any 
other  Aider,  in  which  the  tranfparent  objedts  are  placed ; thefe 
are  to  be  Hid  between  the  tw7o  upper-plates : the  hollow  part  in 
one  of  the  plates  is  defigned  for  the  glafs  tubes. 

D,  the  condenfing  lens  and  it’s  tube,  which  fits  into  the  Aider- 
holder  C,  and  may  be  moved  up  and  down  in  it.  When  this 
piece  is  pufiied  up  as  far  as  it  will  go,  it  condenfes  the  light  of  a 
candle,  which  is  refiedted  on  it  by  the  plain  mirror  of  the  com- 
pound microfcope,  and  fpreads  it  uniformly  over  the  obje6l ; in 
this  cafe  it  is  befit  adapted  to  the  fiiallowreft  magnifiers.  If  the 
deeper  lenfes  are  ufed,  it  fiiould  be  drawn  down,  or  rather  re- 
moved further  from  the  objedt,  that  it  may  concentrate  the  light 
in  a fmall  compafs,  and  thus  render  it  more  denfe.  The  con- 
denfing lens  is  fometimes  fitted  up  differently,  but  the  principle 
being  the  fame,  it  will  be  eafy  to  apply  it  to  ufe,  notwithftanding 
fome  variations  in  the  mechanifm. 

E,  abrafs  cone;  it  fixes  under  the  flider-holder.  It  is  ufed  to 
leffen  occafionally  the  quantity  of  light  which  conies  from  the 
mirror  to  any  objedt. 

F,  a box,  with  twTo  flat  glaffes,  which  may  be  placed  at  different 
difiances  from  each  other,  in  order  to  confine  a fmall  living  infedt. 

Q Fh  2 
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G,  a fffiall  brafs  box  to  hold  the  filver  fpeculum  H. 

H,  a fmall  filver  concave  fpeculum,  defgned  to  refledl  the 
light  from  the  mirror  on  opake  offiedts ; it  (hculd  only  be  ufed 
with  the  fhallow  magnifiers.  It  is  applied  in  different  ways  to 
the  compound  microfcope ; fometimes  to  a tube  fmilar  to 
that  reprefented  at  X,  which  Hides  on  the  lower  part  of  the 
body  ; fometimes  it  is  fcrewed  into  the  ring  of  the  piece  O;  the 
pin  of  this  generally  fits  into  one  of  the  holes  in  the  flage.  When 
this  fpeculum  is  ufed,  the  flider-holder  fhould  be  removed. 

I,  a fifh-pan,  whereon  a fmall  fifh  may  be  faflened,  in  order  to 
view  the  circulation  of  the  blood  ; it’s  tail  is  to  be  fpread  acrofs 
the  oblong  hole  at  the  fmalleft  end,  and  tied  faff  by  means  of  the 
ribbon  fixed  thereto,  by  (lioving  the  knob  which  is  on  the  back  of 
it  through  the -flit  made  in  the  flage ; the  tail  of  the  fifli  may  be 
brought  under  the  lens  which  is  in  ufe. 

/ 

K,  a cylindrical  piece,  intended  for  the  folar  opake  microfcope; 
by  pulling  back  the  fpiral  fpring,  fmaller  or  larger  objedls  may  be 
confined  ia  it. 

L,  a long  fleel  wire,  with  a fmall  pair  of  pliers  at  one  end, 
and  a fleel  point  at  the  other ; the  wire  flips  backwards  or  for- 
wards in  a fpring  tube,  which  is  affixed  to  a joint,  at  the  bottom 
of  which  is  a pin  to  fit  one  of  the  holes  in  the  flage  ; this  piece  is 
ufed  to  confine  fmall  objedls. 

1,  a fmall  ivory  cylinder  that  fits  on  the  pointed  end  of  the 
fleel  wire  L ; it  is  defigned  to  receive  opake  objedls.  Light- 

coloured 


coloured  ones  are  to  be  (luck  on  the  dark  fide,  and  vice 
verfa. 

K 2 is  a pair  of  triangular  nippers,  for  taking  hold  and  con- 
fining a large  objedt 

M,  a convex  lens,  which  fits  the  ftage  by  means  of  the  long 
pin  adhering  to  it ; it  is  defigned  to  collect  the  light  from  the  fun 
or  a candle,  and  to  throw  them  on  any  obje6l  placed  on  the  ftage  : 
this  piece  is  very  little  ufed  at  prefent. 

N,  a brafs  Aider,  into  which  is  fitted  a flat  piece  of  glafs,  and 
a brafs  Aider,  containing  one  or  two  fmall  concave  glafles,  the 
others  flat;  it  is  defigned  to  confine  fmall  living  obje&s,  and 
when  ufed  is  to  be  placed  between  the  two  upper  plates  of  the 
Aider-holder. 

O,  a glafs  tube  to  receive  a fmall  fifh,  See . 

P reprefents  one  of  the  ivory-fliders,  wherein  obje&s  are 
placed  between  two  pieces  of  talc,  and  confined  by  a brafs 

ring. 

Q,  a piece  to  hold  the  fpeculum  H ; this  piece  is  generally 
fitted  to  the  microfcopes  which  are  reprefented  at  Fig.  1 and  2, 

Plate  IV. 

R,  a pair  of  forceps,  t©  take  up  any  occafional  obje£t 
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S,  a camel’s  hair  pencil  to  brufli  the  duff  off  the  glaffes;  the 
upper  part  of  the  quiil  is  fcooped  out,  to  take  up  a drop  of  any 
fluid,  and  place  it  on  either  of  the  glaffes  for  examination. 

T,  an  inftrument  for  cutting  thin  tranfverfe  fe&ions  of  wood. 
It  confifts  of  a wooden  bafe,  which  fupports  four  brafs  pillars  ; on 
the  top  of  the  pillars  is  placed  a flat  piece  of  brafs,  near  the  mid- 
dle of  which  there  is  a triangular  hole. 

A fliarp  knife,  which  moves  in  a diagonal  dire&ion,  is  fixed  on 
the  upper  fide  of  the  afore  mentioned  plate,  and  in  fuch  a man- 
ner, that  the  edge  always  coincides  with  the  furface  thereof. 

The  knife  is  moved  backwards  and  forwards  by  means  of  the 
handle  a.  The  piece  of  wood  is  placed  in  the  triangular  trough 
which  is  under  the  brafs  plate,  and  is  to  be  kept  fteady  therein 
by  a milled  fcrew  which  is  fitted  to  the  trough  ; the  wood  is  to 
be  preffed  forward  for  cutting  by  the  micrometer  fcrew  b. 

The  pieces  of  wood  fhould  be  applied  to  this  inftrument  im- 
mediately on  being  taken  out  of  the  ground,  or  elfe  they  fhould 
be  foaked  for  fome  time  in  water,  to  foftcn  them  fo  that  they  may 
not  hurt  the  edge  of  the  knife. 

When  the  edge  of  the  knife  is  brought  in  contaft  with  the 
piece  of  wood,  a fmall  quantity  of  fpirits  of  wine  fhould  be  pour- 
ed on  the  furface  of  the  wood,  to  prevent  it’s  curling  up ; it  will 
alfo  make  it  adhere  to  the  knife,  from  which  it  may  be  removed 
by  preffmg  a piece  of  blotting-paper  on  it, 
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Y is  an  appendage  to  the  cutting  engine,  which  is  to  be  ufed 
inhead  of  the  micrometer  fcrew,  being  preferred  by  fome  prac- 
titioners to  it.  It  is  placed  over  the  triangular  hole,  and  kept  flat 
down  upon  the  furface  of  the  brafs  plate,  while  the  piece  of  wood 
is  prefied  againfl  a circular  piece  of  brafs  which  is  on  the  under 
fide  of  it. 

This  circular  piece  of  brafs  is  fixed  to  a fcrew,  by  which  it’s 
diflance  from  the  flat  plate  on  which  the  knife  moves  may  be 
regulated. 

Z,  an  ivory  box,  containing  at  one  end  fpare  talc  for  the  ivory 
Aiders,  and  at  the  other  fpare  rings,  for  preffmg  the  talcs  together 
and  confining  them  to  the  Aider. 


CHAP. 


General  Instructions  for  using  the  Microscope, 

AND  PREPARING  THE  OBJECTS. 


S the  advantages  which  are  obtained  from  any  inflrument 


<*-  are  confiderably  increafed,  if  it  be  ufed  by  a perfon  who  is 
mailer  of  it’s  properties,  attentive  to  it’s  adjuflments,  and 
habituated  by  pratlice  to  the  minutiae  of  management,  it  is  the 
defign  of  this  chapter  to  point  out  thofe  circumfiances  which  re- 
quire mod  the  attention  of  the  obferver,  and  to  give  fuch  plain 
dire£lions,  as  may  enable  him  to  examine  any  objebl  with  eafe ; 
to  fhew  how  he  may  place  it  in  the  bell  point  of  view,  and,  if 
neceflary,  prepare  it  for  obfervation. 

A frnall  degree  of  attention  will  render  the  obferver  mailer  of 
every  neceflary  rule,  and  a little  pra6lice  will  make  them  familiar 
and  habitual : the  pains  he  takes  to  acquire  thefe  habits  will  be 
rewarded  by  an  increafing  attachment  to  his  inflrument,  and  the 
wonders  it  difplays.  Let  him  only  perfevere  till  he  has  over- 
come that  natural  indolence  which  oppofes  the  advancement  of 
every  kind  of  knowledge,  and  he  will  furely  find  himfelf  mofl 
amply  recompenfed,  by  the  pleafure  of  a fcience  that  has  the  un- 
limited treafures  of  infinite  wisdom  for  the  obje£l  of  it’s 
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researches  : and  his  mind  being  ftrengthened  by  the  vi&ory  it  has 
gained,  will  be  more  keen  in  perceiving,  and  more  patient  in  the 
inveftigation  of  truth. 

It  has  long  been  a complaint,*  that  many  of  thofe  who  pur- 
chafe  microfcopes  are  fo  iittle  acquainted  with  their  general  and 
extenfive  ufefulnefs,  and  fo  much  at  a lofs  for  objefts  to  examine 
by  them,  that  after  diverting  their  friends  fome  few  times  with 
what  they  find  in  the  Aiders,  which  generally  accompany  the  in- 
firument,  or  perhaps  two  or  three  common  objedls,  the  micro- 
fcope  is  laid  alide  as  of  little  further  value  : whereas  no  infirument 
has  yet  appe  red  in  the  world  capable  of  affording  fo  conftant, 
various,  and  fatisfadlory  an  entertainment  to  the  mind.  This 
complaint  will,  1 hope,  be  obviated  by  thefe  efiays,  in  which  I have 
endeavoured  to  make  the  ufe  of  the  microfcope  eafy,  point  out 
an  immenfe  variety  of  objedls,  and  diredl  the  obferver  how  to 
prepare  them  for  e^am  nation. 

The  fubjecl  treated  of  in  this  chapter  naturally  divides  itfelf 
into  three  heads : 1.  concerning  the  necefi’ary  preparation  and 
adjufiment  of  the  microfcope;  the  2nd,  treating  of  the  proper 
quantity  of  the  light,  and  beft  method  of  adapting  it  to  the  ob- 
jedls under  examination ; the  3d,  fhewing  how  to  prepare  and 
preferve  the  various  objedls,  that  their  nature,  organization,  and 
texture,  may  be  properly  underftood. 
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Of  the  necessary  Preparation  of  the  Microscope 

for  Observation. 

We  have  in  the  laft  chapter  explained  thole  particulars  that 
conftitute  the  difference  of  one  microfcope  from  another,  and 
fhewn  how  each  inftrument  is  to  be  ufed,  and  how  the  feveral 
parts  are  to  be  applied  to  it.  We  fhall  now  proceed  to  give  fome 
general  directions  applicable  to  every  microfcope.  The  obferver 
is  therefore  fuppofed  to  have  made  liimfelf  mailer  of  his  inftru- 
ment, and  to  know  how  to  adapt  the  different  parts  of  the  appa- 
ratus to  their  proper  places. 

The  firft  circumftance  neceffary  to  be  examined  into  is, 
whether  the  different  glades  belonging  to  the  microfcope  are  per- 
fectly clean  or  not ; if  they  are  not  clean,  they  muff  be  taken  out 
and  wiped  with  a piece  of  wafti  leather,  taking  care  at  the  fame 
time  not  to  loil  the  furface  of  the  glafs  with  the  fingers : in  re- 
placing the  glades,  you  muff  alfo  be  careful  not  to  lay  them  in 
an  oblique  fituation. 

The  objeft  diould  be  brought  as  near  the  center  of  the  held  of 
view  as  podible,  for  there  only  will  it  be  exhibited  in  the  greateft 
perfeClion. 

The  eye  diould  be  moved  up  and  down  from  the  eye-glafs  of 
a compound  microfcope,  till  you  find  that  fituation  where  the 
larged;  held  and  mod;  diftinfl  view  of  tire  objecft  is  obtained. 
Every  perfon  ought  to  adjiift  the  microfcope  to  his  own  eye,  and 
not  depend  upon  the  fituation  it  was  placed  in  by  another. 
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Care  muff  be  taken  not  to  let  the  breath  fall  upon  the  eye- 
glafs,  nor  to  hold  that  part  of  the  body  of  the  micrefcope  where 
the  glafies  are  placed  with  a warm  hand,  becaufe  the  damp  that 
is  expelled  from  the  metal  by  the  heat  will  be  attracted  and  con- 
denfed  by  the  glalfes,  and  obftruct  the  fight  of  the  objeft. 

The  obferver  (hould  always  begin  with  a fmall  magnifying 
power ; with  this  he  will  gain  an  accurate  idea  of  the  fituation  and 
connexion  of  the  whole,  and  will  therefore  be  lefs  liable  to  form 
any  erroneous  opinion,  when  the  parts  are  viewed  feparately  by 
a deeper  lens.  By  a (hallow  magnifier  he  will  alfo  difcover 
thofe  parts  which  merit  a further  inveftigation. 

Every  objeft  (hould,  if  poflible,  be  examined  firfl  in  that 
pofition  which  is  mod  natural  to  it : if  this  circumfiance  is  neg- 
lefted,  very  inadequate  ideas  of  the  ftrufture  of  the  whole,  as 
well  as  of  the  connexion  and  ufe  of  the  parts,  will  be  formed. 
If  it  be  a living  animal,  care  mud  be  taken  not  to  fqueeze,  hurt, 
or  difcompofe  it. 

There  is  a great  difference  between  merely  viewing  an  object 
by  the  microfcope,  and  inveftigating  it’s  nature : in  the  find  we 
only  confider  the  magnified  reprefentation  thereof,  in  the  fecond 
we  endeavour  to  analyfe  and  difcover  it’s  nature  and  relation  to 
other  objefts.  In  the  firfl:  cafe,  we  receive  the  impreffion  of  an 
image  formed  by  the  afiion  of  the  glafles  ; in  the  fecond,  we  form 
our  judgment  by  inveftigating  this  image.  It  is  eafy  to  view  the 
image  which  is  offered  to  the  eye,  but  not  fo  eafy  to  form  a judg- 
ment of  the  things  that  are  feen  ; an  extenfive  knowledge  of  the 
fubjefi,  great  patience,  and  many  experiments,  will  be  found 
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necefTary  for  this  purpofb : for  there  are  many  circumftances 
whore  the  images  feen  may  be  very  fimilar,  though  originating 
from  fubflances  total  y different ; it  is  here  the  penetration  of  the 
obferver  will  be  exercifed,  to  difcover  the  difference,  and  avoid 
error.* 

Hence  Mr.  Baker  f cautions  us  agffnfl  forming  an  opinion  too 
fuddenly  of  any  mitrofcopic  objeft,  and  not  to  draw  our  inferen- 
ces till  after  repeated  experiments  and  examinations  of  the  objeft, 
in  all  lights  and  various  pofitions ; to  pafs  no  judgment  upon 
things  extended  by  force,  qr  contracted  by  drynefs,  or  in  any 
manner  out  of  a natural  hate,  without  making  fuitable  al- 
lowances. 

The  true  colour  of  obje&s  cannot  be  properly  determined 
when  viewed  through  the  deepeft  magnifiers ; for,  as  the  pores 
and  interfaces  of  an  objeCI  are  enlarged,  according  to  the  magni- 
fying  power  of  the  glaffes  made  ufe  of,  the  component  particles 
of  it’s  fubflance  will  appear  feparated  many  thoufand  times  farther 
afunder  than  they  do  to  the  naked  eye : it  is,  therefore,  very 
probable,  that  the  refle&ion  of  the  light  from  thefe  particles  will 
be  very  different,  and  exhibit  different  colours. 

Some  confideration  is  alfo  necefTary  in  forming  a judgment  of 
the  motion  of  living  creatures,  or  even  of  fluids,  when  feen 
through  the  microfcope ; for  as  the  moving  body,  and  the  fpace 
wherein  it  moves,  are  magnified,  the  motion  will  alfo  be  increafed. 

If 

* Fontana  fur  les  Poifons,  vol.  ii.  p.  245. 
t Baker’s  Microfcope  made  Eafy,  p.  62. 
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If  an  objeft  is  fo  opake  as  not  to  fuffer  any  light  to  pafs  through 
it,  as  much  as  poflible  muft  be  thrown  on  it’s  upper  furface  by 
that  part  of  the  apparatus  which  is  peculiarly  adapted  for  opake 
obje&Si  As  the  apertures  of  deep  magnifiers  are  butfmall,  and 
confequently  admit  but  little  light,  they  are  not  proper  for  the 
examination  of  opake  obje&s  : this,  however,  naturally  leads  us 
to  our  fecond  head. 

* 

Of  the  Management  of  the  Light. 

% 

The  pleafure  arifing  from  a juft  view  of  a microfcopic  objedl, 
the  diftinttnefs  of  vifion,  See.  depend  on  a due  management  of 
the  light,  and  adapting  the  quantity  of  it  to  the  nature  of  the 
object,  and  the  focus  of  the  magnifier : therefore  an  objeeft 
fhould  always  be  viewed  in  various  degrees  of  light.  For,  as 
Dr.  Hooke  has  well  obferved,  it  is  difficult  to  diftinguifh  in  fome 
objects  between  a prominency  and  a depreftion,  between  a ftiadow' 
and  a black  ftain  ; and  in  colour,  between  a refledlion  and  a 
whitenefs  : a truth  which  the  reader  will  find  fully  exemplified  in 
the  examination  of  the  eye  of  the  libella,  and  other  flies,  which 
will  be  found  to  appear  exceedingly  different  in  one  pofition  of 
the  light  from  what  they  do  in  another. 

The  brightnefs  of  an  objeft  depends  on  the  quantity  of  light ; 
the  diftindtnefs  of  vifion,  on  regulating  the  quantity  to  the  objeft  ; 
for  fome  will  be  loft,  and  drowned,  as  it  were,  in  a quantity  of 
light  that  is  fcarce  fufficient  to  render  another  vifible.  A ftrong 
light  may  be  thrown  on  an  objedt  various  ways  ; firft,  by  means 
of  the  fun  and  a convex  lens  ; for  this  purpofe,  place  the  micro- 
fcope  about  three  feet  from  a fouthern  window ; take  a deep 
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convex  lens,  that  is  mounted  in  a femicircle  and  fixed  on  a ffand, 
fo  that  it’s  pofition  may  be  eafily  varied;  place  this  lens  between 
the  objeft  and  the  window,  fo  that  it  may  colleft  a confiderable 
number  of  the  folar  rays,  and  refraft  them  on  the  objeft,  or  the 
mirror  of  the  microfcope.  If  the  light  thus  collected  from  the 
fun  is  too  powerful,  it  may  be  tempered,  by  placing  a piece  of 
oiled  paper,  or  a glafs  lightly  greyed,  between  the  object  and  the 
lens  : by  this  means,  a convenient  degree  of  light  may  be  obtain- 
ed, and  diffufed  in  an  equal  manner  over  the  whole  lurface  of  an 
objedl,  a circumllance  that  fhould  be  particularly  attended  to  ; 
for  if  the  light  be  thrown  in  an  irregular  manner,  that  is,  larger 
portions  of  it  on  fome  parts  than  on  others,  it  will  not  be 
diftinftly  exhibited* 

Where  the  folar  light  is  preferred,  it  will  be  found  very  con- 
venient to  darken  the  room,  and  to  reflefl  the  rays  of  the  fun  on 
the  above-mentioned  lens,  by  means  of  the  mirror  of  a folar  micro- 
fcope  fitted  to  the  window-fhutter ; for  by  this  apparatus  the 
obferver  will  be  enabled  to  preferve  the  light  on  his  obje£l,  not- 
withftanding  the  motion  of  the  fun. 

Cutting  off  the  adventitious  light  as  much  as  poffible,  by- 
darkening  the  room  where  you  are  ufing  the  microfcope,  and 
admitting  the  light  only  through  a hole  in  the  window-fhutter,  or 
at  molt  keeping  one  window  only  open,  will  alfo  be  found  very 
conducive  towards  producing  a diftinft  view  of  the  obje£L 

As  the  motion  of  the  fun,  and  the  variable  date  of  our  atmo- 
iphere,  renders  folar  obfervations  both  tedious  and  inconvenient, 
it  will  be  proper  for  the  obferver  to  be  furnifhed  with  a large  tin 
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lanthorn,  made  fomething  like  the  common  magic  lanthorn,  fit 
to  contain  one  of  Argand’s  lamps.*  The  lanthorn  fhould  have 
an  aperture  in  the  front,  that  may  be  moved  up  and  down,  and 
capable  of  holding  a lens  ; by  this  a pleafing  uniform  denfe  light 
may  be  eafily  procured.  The  lamp  fhould  move  on  a rod,  that 
it  may  be  readily  elevated  or  depreffed.  The  lanthorn  may  be 
ufed  for  many  other  purpofes,  as  for  viewing  of  pi&ures,  ex- 
hibiting microfcopic  objeCts  on  a fcreen,  &c. 

Many  tranfparent  objeCls  are  feen  bed  in  a weak  light ; among 
thefe  we  may  place  the  prepared  eyes  of  flies  and  animalcula  in 
fluids ; the  quantity  of  light  from  a lamp  or  candle  may  be 
leflened  by  removing  the  microfcope  to  a greater  diftance  from 
them,  or  it  may  be  more  effeCfually  leffened  by  cutting  off  a part 
of  the  cone  of  rays  that  fall  on  the  objeCt,  either  by  placing  the 
cone,  Fig.  E,  Plate  IX.  under  the  ffage,  or  by  forming  circular 
apertures  of  black  paper,  of  different  fizes,  and  placing  either 
a larger  or  final  ler  one  on  the  reflecting  mirror,  as  occafion 
may  require. 

There  is  an  oblique  fituation  of  the  mirrors,  and  confequently 
of  the  light,  which  is  eafily  difcovered  by  praftice,  but  for  which 
no  general  rule  can  be  given,  that  will  exhibit  an  objeCt  more 
beautifully  and  more  diftinCtly  than  any  other  pofition,  fhewing 
the  furface,  as  well  as  thofe  parts  through  which  the  light  is 
tranfmitted. 


A better 


* The  lamp  fhould  not  be  of  the  fountain  kind,  becaufe  the  rarefaction  of  the 
air  in  the  lanthorn  will  often  force  the  oil  over. 
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A better  view  of  moil  objefts  is  obtained  by  a candle,  or  lamp, 
than  by  day-light ; it  is  more  eafy  to  modify  the  former  than  the 
latter,  and  to  throw  it  on  the  objeft  with  different  degrees  of 
denfity.  From  what  has  been  faid,  the  reader  will  have  obferved 
the  importance  of  being  able  to  examine  the  objedl  in  the  greatefl 
variety  of  pofitions  and  appearances,  which  cannot  be  effe&ed 
with  equal  convenience  by  any  microfcope  but  the  improved 
lucernal. 

Of  the  Preparation  of  Objects  for  the  Microscope. 

In  the  preparation  of  objects,  no  man  was  more  fuccefsful  nor 
more  indefatigable  than  Swammerdam,  in  minutely  anatomizing, 
in  patient  invefligation,  and  in  curioufly  exhibiting  the  minute 
wonders  of  creation ; he  (lands  unrivalled,  far  exceeding  all  thofe 
that  preceded,  as  well  as  thofe  which  have  fucceeded  him. 
Deeply  impreffed  and  warmly  animated  by  the  amazing  fcenes 
that  he  continually  difcovered,  his  zeal  in  purfuit  of  truth  was 
not  to  be  abated  by  difappointment,  or  alarmed  by  difficulty ; 
and  was  never  contented  till  he  had  attained  a rational  and  clear 
idea  of  the  organization  of  the  obje£l,  wThofe  flrudture  he  wifhed 
to  explore. 


We  have  only  to  regret  that  we  are  ignorant  of  the  methods  he 
employed.  To  difcover  thefe,  the  great  Boerhaave  examined 
with  a fcrupulous  attention  all  the  letters  and  manufcripts  of 
Swammerdam,  and  has  communicated  the  refult  of  his  refearches, 
which,  though  but  fmall,  may  enable  us  to  form  fome  idea  of 
this  great  labourer  in  the  field  of  fcience. 


For 
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For  differing  of  fmall  infedts  he  had  a brafs  table,  which  was 
made  by  that  excellent  artifl  S.  Muflchenbrock ; to  this  table 
were  aliixed  two  brafs  arms,  moveable  at  pleafure  to  any  part  of 
it.  The  upper  portion  of  thefe  arms  was  conflrudled  fo  as  to 
have  a flow  vertical  motion,  by  which  means  the  operator  could 
readily  alter  their  height,  as  he  faw  mod  convenient  to  his  pur- 
pofe ; the  office  of  one  of  thefe  arms  was  to  hold  the  little  bodies, 
and  that  of  the  other  to  apply  the  lens  or  microfcope. 

His  microfcopes,  or  lenfes,  were  of  various  foci,  diameters, 
and  fizes,  from  the  lead  to  the  greatefl,  and  the  bed  that  could 
be  procured  in  regard  to  the  exadtnefs  of  the  workmanfhip,  and 
tranfparency  of  the  fubdance.  His  way  was,  to  begin  his  obfer- 
vations  with  the  fmalled  magnifiers,  and  from  thence  proceed  by 
degrees  to  the  greatefl.  By  nature  and  ufe  he  was  fo  incom- 
parably dexterous  in  the  management  of  thefe  inflruments,  that 
he  made  every  obfervation  fubfervient  to  the  next,  and  all  tend 
to  confirm  each  other,  and  complete  the  defcription. 

His  chief  art  feems  to  have  been  in  conflruHing  very  fine 
fciflars,  and  giving  them  an  extreme  fharpnefs : thefe  he  made 
ufe  of  to  cut  very  minute  objedls,  becaufe  they  difledled  them 
equally  ; whereas  knives  and  lancets,  let  them  be  ever  fo  fine  and 
fharp,  are  apt  to  di  sorder  delicate  fubflances,  as  in  going  through 
them,  they  generally  draw  after  and  difplace  fome  of  the  filaments* 
His  knives,  lancets,  and  dyles,  were  fo  very  fine,  that  he  could 
not  fee  to  fharpen  them  without  the  adi dance  of  a magnifying 
glafs ; but  with  them  he  could  difl'edt  the  intedines  of  bees  with 
the  fame  accuracy  and  diflindtnefs  that  the  mod  celebrated  ana- 
tomid  does  thofe  of  large  animals.  He  was  particularly  dexterous 

6 in 


Microscopical  Essays. 


136' 

in  the  management  of  fmall  glafs  tubes,  which  were  no  thicker 
than  a brittle,  and  drawn  to  a very  fine  point  at  one  end,  but 
thicker  at  the  other.  Thefe  he  made  ufe  of  to  fhew  and  blow  up 
the  fmalleft  vefiels  difcovered  by  the  microfcope,  to  trace,  diftin- 
guifh,  feparate  their  courfes  and  communications,  or  to  injefl 
them  with  very  fubtil  coloured  liquors. 

He  ufed  to  fulfocate  the  infers  in  fpirit  of  wine,  in  water,  or 
fpirit  of  turpentine,  and  likewife  preferved  them  for  fome  time  in 
thefe  liquids ; by  which  means  he  kept  the  parts  from  putrefying, 
and  confequently  collapfing  and  mixing  together ; and  added  to 
them  befides  fuch  firength  and  firmnefs,  as  rendered  the  difiec- 
tions  more  eafy  and  agreeable.  When  he  had  divided  tranf- 
verfly  With  his  fine  fcilfars  the  little  creature  he  intended  to 
examine,  and  had  carefully  noted  every  thing  that  appeared 
without  further  difle&ion,  he  then  proceeded  to  extraft  the 
vifcera  in  a very  cautious  and  leifurely  manner,  with  other  in- 
ftruments  of  great  finenefs ; firft  taking  care  to  walh  away  and 
feparate,  with  very  fine  pencils,  the  fat  with  which  infefts  are 
very  plentifully  fupplied,  and  which  always  prejudice  the  internal 
parts  before  it  can  be  extrafted.  This  operation  is  belt  per- 
formed upon  infedls  while  in  the  nympha  hate. 


Sometimes  he  put  into  water  the  delicate  vifcera  ol  the  infefls 
he  had  fuffocated  ; and  then  fhaking  them  gently,  he  procured 
himfelf  an  opportunity  of  examining  them,  efpecially  the  air 
vellels,  which  by  this  means  he  could  feparate  from  all  the  other 
parts  whole  and  entire,  to  the  great  admiration  of  all  thofe  who 
beheld  them  ; as  thefe  vettels  are  not  to  be  dittinflly  feen  in  any 
other  manner,  or  indeed  feen  at  all  without  damaging  them,  he 
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often  made  ufe  of  water,  inje&ed  by  a fyringe,  to  cleanfe 
thoroughly  the  interna]  parts,  then  blew  them  up  with  air  and 
dried  them,  by  which  means  he  rendered  them  durable,  and  fit 
for  examination  at  a proper  opportunity.  Sometimes  he  has  ex- 
amined with  the  greated  fuccefs,  and  made  the  molt  important 
difcoveries,  in  infers  that  he  had  preferved  in  balfam,  and  kept 
for  years  together  in  that  condition.  Again,  he  has  frequently 
made  punctures  in  other  infedts  with  a very  fine  needle,  and  after 
fqueezing  out  all  their  moifture  through  the  holes  made  in  this 
manner,  he  filled  them  with  air,  by  means  of  very  (lender 
glafs  tubes,  then  dried  them  in  the  (hade,  and  laft  of  all  anointed 
them  with  oil  of  fpike,  in  which  a little  rofin  had  been  diflolved, 
by  which  means  they  retain  their  proper  forms  a long  time.  He 
had  a fingular  fecret,  whereby  he  could  fo  preferve  the  nerves  of 
infefts,  that  they  ufed  to  continue  as  limber  and  perfpicuous  as 
ever  they  had  been. 

He  ufed  to  make  a fmall  punfture  or  incifion  in  the  tail  of 
worms,  and  after  having  gently  and  with  great  patience  fqueezed 
out  all  their  humours,  and  great  part  of  their  vifeera,  he  then  in- 
jeHed  them  with  wax,  fo  as  to  give  and  continue  to  them  all  the 
appearance  of  healthy  vigorous  living  creatures.  He  difeovered 
that  the  fat  of  all  infefts  was  perfeHly  difiolvible  in  oil  of  tur- 
pentine ; thus  he  was  enabled  to  (hew  the  vifeera  plainly  ; only 
after  this  difiolution  he  ufed  to  cleanfe  and  wafii  them  well  and 
often  in  clean  water.  He  frequently  (pent  whole  days  in  thus 
cleanfing  a (ingle  caterpillar  of  it’s  fat,  in  order  to  difeover  the 
true  conftruftion  of  this  infeft’s  heart.  His  fingular  fagacicy  ii) 
dripping  off  the  (kin  of  caterpillars,  that  were  upon  the  point  of 
fpinning  their  cones,  deferves  particular  notice.  This  he  effefted, 
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by  letting  them  drop  by  their  threads  into  fcalding  water,  and 
fuddenly  withdrawing  them ; for  by  this  means  the  epidermis 
peeled  off'  very  eafily ; and  when  this  was  done,  he  put  them  into 
diftilled  vinegar  and  fpirit  of  wine,  mixed  together  in  equal  por- 
tions, which,  by  giving  a proper  firmnefs  to  the  parts,  gave  him 
an  opportunity  of  feparating  them,  with  very  little  trouble,  from 
the  exuviae,  or  (kins,  without  any  danger  to  the  parts  ; fo  that  by 
this  contrivance,  the  nymph  could  be  {hewn  to  be  wrapped  up 
in  the  caterpillar,  and  the  butterfly  in  the  nymph.  Thole  who 
look  into  the  works  of  Swammerdam,  will  be  abundantly  grati- 
fied, whether  they  confider  his  immenfe  labour  and  unremitted 
ardour  in  thefe  purfuits,  or  his  wonderful  devotion  and  piety.. 
On  one  hand,  his  genius  urged  him  to  examine  the  miracles  of 
the  great  Creator  in  his  natural  produflions ; whilft  on  the  other, 
the  love  of  that  fame  all-perfe£t  Being  rooted  in  his  mind,  ftrug- 
gled  hard  to  perfuade  him  that  God  alone,  and  not  the  creatures* 
were  worthy  of  his  refearches,  love,  and  attention. 

M.  Lyonet  always  drowned  firft  thofe  infers  he  intended  to 
anatomize,  as  by  this  means  he  was  enabled  to  preferve  both  the 
foftnefs  and  tranfparency  of  the  parts.  If  the  infefl,  & c.  is  very 
fmall,  ex.  gr.  one-tenth  of  an  inch,  or  a little  more  in  length,  it 
(hould  be  differed  in  water,  on  a glafs  which  is  a little  concave  ; 
if  after  a few  days  there  is  any  fear  that  the  infe6l  will  putrefy,  it 
{hould  be  placed  in  weak  fpirit  of  wine,  inffead  of  water.  In 
order  to  fix  the  little  creature,  it  muff  be  buffered  to  dry,  and 
then  be  faftened  by  a piece  of  foft  wax  ; after  which  it  may  be 
again  covered  with  water.. 

Larger 
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Larger  objedts  require  a different  procefs ; they  fhould  be 
placed  in  a fmall  trough  of  thin  wood;  the  bottom  of  a common 
chip  box  will  anfwer  very  well,  by  furrounding  the  edge  of  it 
with  foft  wax,  to  keep  in  the  water  or  fpirit  of  wine.  The  infedl 
is  then  to  be  opened,  and  if  the  parts  are  foft  like  thofe  of  a 
caterpillar,  they  fhould  be  turned  back  and  fixed  to  the  trouo-fi 
by  fmall  pins  ; the  pins  are  to  be  fet  by  a pair  of  fmall  nippers  : 
the  (kin  being  ftretched  at  the  fame  inflant  by  another  pair  of 
finer  forceps,  the  infeft  mud  then  be  placed  in  water,  and  dif- 
fered therein,  and  after  two  or  three  days  it  fhould  be  covered 
with  fpirits  of  wine,  which  fhould  be  renewed  occafionally ; by 
this  means  the  fubjeft  is  preferved  in  perfeftion,  and  it’s  parts 
may  be  gradually  unfolded,  without  any  other  change  being 
perceived  than  that  the  foft  elaflic  parts  become  ftiff  and  opake> 
and  fome  others  lofe  their  colour. 

M.  Lyonet  ufed  the  following  inftruments  in  his  curious  dif- 
feflion  of  the  chenille  de  faule.  As  fmall  a pair  of  fciffars  as 
could  be  made,  the  arms  long  and  fine  ; a fmall  and  fharp  knife, 
the  end  brought  to  a point ; a pair  of  forceps,  the  ends  of  which 
had  been  fo  adjufted,  that  they  would  eafilv  lay  hold  of  a fpi- 
der’s  thread  or  a grain  of  fand.  But  the  mofl:  ufeful  inftruments 
were  two  fine  fleel  needles,  fixed  in  fmall  W’ooden  handles,  about 
2{  of  an  inch  in  length. 

An  obfervation  of  Dr.  Hooke’s  may  be  very  ufeful,  if  attended 
to,  for  fixing  objects  intended  to  be  defigned  by  the  micro  fcope. 
He  found  no  creature  more  troublefome  to  draw  than  the  ant  or 
pifmire,  not  being  able  to  get  the  body  quiet  in  a natural  pofture. 
If,  when  alive,  it’s  feet  were  fettered  with  wax  or  glue,  it  would 
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fo  twift  and  twine  it’s  body,  that  it  was  impoffible  any  way  to  get 
a good  view  of  it ; if  it  was  killed,  the  body  was  fo  fmall,  that  the 
fhape  was  often  fpoiled  before  it  could  be  examined.  It  is  the 
nature  of  many  minute  bodies,  when  their  life  is  deftroyed,  for 
the  parts  to  fhrivel  up  immediately ; this  is  very  obfervable  in 
many  fmall  plants,  as  well  as  in  infedts  ; the  furface  of  thefe  fmall 
bodies,  if  porous,  being  affedled  by  almoft  every  change  of  the 
air ; and  this  is  particularly  the  cafe  with  the  ant.  But  if  the 
little  creature  is  dropped  in  well  reftified  fpirit  of  wane,  it  is  im- 
mediately killed ; and  when  taken  out,  the  fpirit  of  wine  evapo- 
rates, leaves  the  animal  dry  and  in  it’s  natural  pohure ; or  at  lead 
fo  conflituted,  that  you  may  eafily  place  it  with  a pin  in  what 
polture  you  pleafe.* 

\ 

Having  thus  given  a general  account  of  the  methods  ufed  by 
Swammerdam  and  Lyonet,  in  their  examination  and  dilfediion  of 
infedls,  we  fliall  proceed  to  {hew  how  to  prepare  feveral  of  their 
parts  for  the  microfcope,  beginning  with  the  wings.  Many 
of  thefe  are  fo  tranfparent  and  clear,  as  to  require  no  previous 
preparation ; but  the  under  wings  of  thofe  that  are  covered  with 
elytra  or  cruflaceous  cafes,  being  conftantly  folded  up  when  at 
reft,  they  mull  be  unfolded  before  they  can  be  examined  by  the 
microfcope : for  this  purpofe,  a confiderable  (hare  of  dexterity, 
and  fome  patience  is  neceflary ; for  the  natural  fpring  of  the 
wings  is  fo  flrong,  that  they  immediately  fold  themfelves  again* 
except  they  are  carefully  prevented. 

Gneof  the  moft  curious  and  beautiful  wings  of  this  kind  is  that 
of  the  earwig,  of  which  we  have  given  a drawing,  Plate  XIV. 

Fig. 
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Fig.  1.  When  expanded  it  is  a tolerably  large  wing,  yet  folds 
up  under  a cafe  not  one-eighth  part  of  it’s  fize.  It  is  very  diffi- 
cult to  unfold  this  wing,  on  account  of  it’s  curious  texture.  They 
are  belt  opened  immediately  after  the  infeft  is  killed.  Hold  the 
earwig  by  the  thorax,  between  the  finger  and  thumb ; then  with 
a blunt  pointed  pin  endeavour  gently  to  open  it,  by  fpreading  it 
over  the  fore-finger,  gradually  Hiding  at  the  fame  time  the  thumb 
over  it.  When  the  wing  is  fully  expanded,  feparate  it  from  the 
infedt  by  a ffiarp  knife,  or  a pair  of  fciffars.  The  wing  ffiouid  be 
prefied  for  fome  time  between  the  thumb  and  finger  before  it 
be  removed  ; it  may  then  be  placed  between  two  pieces  of  paper, 
and  again  prefied  for  at  lead  an  hour : after  which,  it  may  be  put 
between  the  talcs  without  any  danger  of  folding  up  again. 

The  wings  of  the  notonefta,  and  other  water  infedts,  as  well 
as  moft  fpecies  of  the  grylli,  require  equal  care  and  delicacy  with 
that  of  the  earwig  to  difplay  them  properly. 

The  wings  of  butterflies  and  moths  are  covered  with 
very  minute  fcales  or  feathers,  that  afford  a beautiful  objedt  for 
the  microfcope;  near  the  thorax,  the  ffioulder,  the  middle  of  the 
wing,  and  the  fringes  ol  the  wings,  they  are  generally  intermixed 
with  hair.  The  fcales  from  one  part,  alfo,  often  differ  in  lhape 
from  thofe  of  another  ; they  may  be  firft  fcraped  off  or  loofened 
from  the  wing  with  a knife,  and  then  bruffi  them  into  a piece  of 
paper  with  a camel’s  hair  pencil ; the  fcales  may  be  feparated 
from  the  hairs  with  the  affiftance  of  a common  magnifying  glafs. 

The  probofcis  of  infedls,  as  of  the  gnat,  the  tabanus,  Sic.  re- 
quires much  attention,  and  confiderable  care,  to  be  diffedted 
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properly  for  the  microfcope ; and  many  muff  be  prepared  before 
the  obferver  decides  upon  the  fituation  and  fhape  of  the  parts ; 
he  will  often  alfo  be  able  to  unfold  in  one  fpecimen  fome  parts 
that  he  can  fcarce  difcover  in  another.  It  is  well  known  that  the 
COLLECTOR  of  the  bee  forms  a moft  beautiful  objed ; a 
figure  of  it  is  given  in  Plate  XIII.  Fig.  3.  In  it  is  difplayed 
a moft  wonderful  mechanifm,  admirably  adapted  to  colled 
and  extrad  the  various  fweets  from  flowers,  &c.  To  prepare 
this,  it  fhould  firft  be  carefully  wafhed  with  fpirit  of  tur- 
pentine, by  which  means  it  will  be  freed  from  the  unduous 
and  melliferous  particles  which  ufually  adhere  to  it ; when  dry, 
it  muft  be  again  wafhed  with  a camel’s  hair  pencil,  to  difengage 
and  bring  forward  the  fmall  hairs  which  form  one  part  of  it’s 
microfcopic  beauty. 

The  cafe  which  enclofes  the  sting  of  the  bee,  the  wafp, 
and  the  hornet,  are  fo  hard,  that  it  is  very  difficult  to  extrad 
them  without  breaking  or  otherwife  injuring  them.  It  will  be 
found,  perhaps,  the  beft  way  to  foak  the  cafe  and  the  reft  of  the 
apparatus  for  fome  time  in  fpirit  of  wine  or  turpentine,  then  lay 
it  on  a piece  of  clean  paper,  and  with  a blunt  knife  draw  out  the 
fling,  holding  the  fheath  by  the  nail  of  the  finger,  or  by  any 
blunt  inftrument ; great  care  is  requifite  to  preferve  the  feelers, 
which  when  cleaned  add  much  to  the  beauty  of  the  objed. 

The  eyes  of  the  libellula  and  different  flies,  of  the 
lobfter,  &c.  are  firft  to  be  cleaned  from  the  blood  and  other  ex- 
traneous matter,  they  fhould  then  be  foaked  in  water  for  fome 
days,  after  which  you  may  feparate  one  or  two  fkins  from  the 
eye,  which,  if  they  remain,  render  it  too  opake  and  confufed ; 
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feme  care  is,  however,  requifite  in  this  reparation,  otherwife  the 
fkin  may  be  made  too  thin,  fo  as  not  to  enable  you  to  form  an 
accurate  idea  of  it’s  organization. 

The  exuviae  of  infefls  are  m general  a very  pleafmg  objefl, 
and  require  but  little  preparation.  If  they  are  curled  or  bent  up, 
keep  them  in  a moifl  atmofphere  for  a few  hours,  and  they  will 
foon  become  fo  relaxed  that  you  may  extend  t,hem  with  eafe  to 
their  natural  pofitions.  The  fleam  of  warm  v/ater  anfwers  the 
purpofe  very  well. 

The  beard  of  the  lepas  anitifera  is  to  be  foaked  in  clean  foft 
water,  and  frequently  brufhed  while  wet  with  a camel’s  hair  pen- 
cil ; it  may  then  be  left  to  dry  : after  which  it  mufl  be  again 
brufhed  with  a dry  pencil,  to  difengage  and  feparate  the  hairs, 
which  are  apt  to  adhere  together.  A pi£lure  of  this  objefl  is 
reprefented  in  Plate  XIII.  Fig.  1. 

To  view  the  muscular  fibres,  take  a very  thin  piece  of 
dried  flefh,  and  lay  it  upon  a flip  of  glafs,  and  moiflen  it  with 
warm  water ; when  this  is  evaporated,  the  veffels  will  appear 
plain  and  more  vifible,  and  by  repeated  macerations  the  parts 
may  be  further  difengaged. 

To  examine  fat,  brains,  and  other  fimilar  fub fiances,  we  are 
advifed  by  Dr.  Hooke  to  render  the  furface  fmooth,  by  preffing 
it  between  two  thin  plates  of  flat  glafs ; by  which  the  fubflance 
will  be  made  much  thinner  and  more  tranfparent ; otherwife  the 
parts  lying  thick  one  upon  the  other,  it  appears  confufed  and 
indiflinfl. 
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Some  Tub  fiances  are,  however,  fo  organized,  that  if  their  pecu- 
liar form  is  altered,  the  parts  we  wifh  to  difcover  are  deftroyed ; 
fuch  as  nerves,  tendons,  mufcular  fibres,  pith  of  wood,  &c. 
many  of  thefe  are  bell  to  be  examined  while  floating  in  fome  con- 
venient tranfparent  fluid.  For  inftance,  very  lew  of  the  fibres  of 
any  of  the  mufcles  can  be  difcovered  when  they  are  viewed  in 
the  open  air ; but  if  placed  in  water  or  oil,  great  part  of  their 
wonderful  fabric  may  be  difcovered.  If  the  thread  of  a ligament 
is  viewed  in  this  manner,  it  will  be  feen  to  confilt  of  an  indefinite 
number  of  fmooth  round  threads  lying  clofe  together. 

Objects  of  an  elafiic  nature  fhould  be  pulled  or  ftretched  out 
while  they  are  under  the  microfcope,  that  the  texture  and  nature 
of  thofe  parts,  whofe  figure  is  altered  by  being  thus  pulled  out, 
may  be  more  fully  difcovered. 

To  examine  bones  with  the  microfcope.  Thefe  fhould  firfl: 
be  viewed  as  opake  objefts ; afterwards,  by  procuring  thin 
feflions,  they  fhould  be  looked  at  as  if  tranfparent.  The  fedlions 
fhould  be  cut  in  all  direflions,  and  be  well  wafhed  and  cleaned ; 
a degree  of  maceration  will  be  ufeful  in  fome  cafes.  Or  the 
bones  may  be  put  in  a clear  fire  till  they  are  red  hot,  and  then 
taken  out ; by  this  means  the  bony  cells  will  appear  more  con- 
fpicuous  and  vifible,  being  freed  from  extraneous  matter. 

To  examine  the  pores  of  the  skin.  Firfl,  cut  or  pare  off 
with  a razor  as  thin  a flice  as  poflible  of  the  upper  fkin  ; then  cut 
a fecond  from  the  fame  place ; apply  the  baft  to  the  microfcope. 
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The  scales  of  fish  fliould  be  foaked  in  water  for  a few 
days,  and  then  be  carefully  rubbed,  to  clean  them  from  the  fkin 
and  dirt  which  may  adhere  to  them. 

To  procure  the  fcales  of  the  eel,  which  are  a great  curiofity, 
and  the  more  fo  as  the  eel  was  not  known  to  have  any  till  they 
were  dilcove red  by  the  microfcope.  Take  a piece  of  the  (kin 
of  the  eel  that  grows  on  the  fide,  and  while  it  is  moift  fpread  it 
on  a piece  of  glafs,  that  it  may  dry  very  fmooth ; when  thus 
d ied,  the  furface  will  appear  all  over  dimpled  or  pitted  by  the 
fcales,  which  lie  tinder  a fort  of  cuticle  or  thin  fkin ; this  fkin 
may  be  raifed  with  the  fharp  point  of  a penknife,  together  with 
the  fcales  which  will  then  eafily  Hip  out,  and  thus  you  may  pro- 
cure as  many  as  you  pleafe.* 

On  the  lizard,  the  guana,  &c.  are  two  Heins ; one  of  thefe  is 
very  tranfparent,  the  other  is  thicker  and  more  opake ; by 
feparating  thefe  wTe  procure  two  beautiful  objedts. 

Tiie  leaves  of  many  trees,  and  fome  plants,  when  diffedled, 
form  a very  pleafmg  object.  To  diffedl  them,  take  a few  of  the 
mod  perfect  leaves  you  can  find,  and  place  them  in  a pan  with 
clean  water ; let  them  remain  three  weeks  or  a month  without 
changing  the  water ; then  take  them  up,  and  try  if  they  feel  very 
foft,  and  appear  almoft  rotten  ; if  fo,  they  are  fufficiently  foaked. 
You  are  then  to  lay  them  on  a flat  board,  and  holding  them  by 
the  (talk,  draw  the  edge  of  a knife  over  the  upper  fide  of  the 
leaf,  which  will  take  off  mod  of  the  Hun ; turn  the  leaf,  and  do 
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the  fame  with  the  under  fide.  When  the  fkin  is  taken  off  on 
both  Tides,  wafli  out  the  pulpy  matter,  and  the  fibres  will  be  ex- 
hibited in  a beautiful  manner.  By  flitting  the  ftalk  you  may 
feparate  the  anatomized  leaf  into  two  parts.  The  fkins  that  are 
peeled  from  the  fibres  will  alfo  make  a very  good  objed.  The 
autumn  is  the  beft  feafon  for  the  foregoing  operation,  as  the  fibres 
of  the  leaves  are  much  ftronger  at  that  feafon,  and  lefs  liable  to 
break. 

Ores  and  minerals  fhould  all  be  carefully  wafhed  and  brufhed 
with  a fmall  brufh,  to  remove  any  extraneous  matter  that  may  ad- 
here to  them.  Shells  may  be  ground  down  on  a hone,  by  which 
their  internal  ftrudure  will  be  difplayed. 

To  VIEW  THE  CIRCULATION  AND  EXAMINE  THE  PARTICLES 

of  the  blood.  The  principal  point  the  obferver  muff  aim  at, 
in  order  to  view  the  circulation  of  the  blood,  js  to  procure  thofe 
fmall  animals  or  infeds  that  are  raofl  tranfparent,  that  by  feeing 
through  them  he  may  be  enabled  to  difcover  what  paftes  within 
them.  The  particular  kinds  beft  adapted  for  the  purpofe  will  be 
enumerated  in  the  defcriptive  catalogue  at  the  end  of  this  work. 

If  a fmall  eel  is  ufed  for  this  purpofe,  it  muft  be  cleanfed  from 
the  flime  which  covers  it ; after  which  it  may  be  put  either  in  the 
fifh-pan,  or  a glafs  tube  filled  with  water,  and  then  placed  under 
the  microfcope.  If  the  eel  is  fmall  enough,  the  circulation  may 
be  viewed  in  the  moft  fatisfadory  manner.  Leeuvenhoeck  has 
given,  in  his  112th  epiftle,  an  accurate  defcription  of  the  blood- 
veftels  in  part  of  the  tail  of  an  eel.  The  fame  figure  may  alfo  be 
feen  in  my  father’s  Treatife  on  the  Microfcope.  The  tail  ol  any 
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otlier  fmall  fifh  may  be  applied  in  the  fame  manner,  or  tied  on  a 
hip  of  flat  glafs,  and  be  thus  laid  before  the  microfcope. 
Flounders,  eels,  and  gudgeons,  are  to  be  had  almoft  at  any  time 
in  London. — N.  B.  By  filling  the  tube  with  water,  when  an  eel  is 
ufed,  it  will  in  a great  meafure  prevent  the  fliminefs  of  the  eel 
from  foiling  the  glafs. 

To  view  the  particles  of  the  blood,  take  a fmall  drop  of  it 
when  warm,  and  fpread  it  as  thin  as  pofhble  upon  a flat  piece  of 
glafs.  By  diluting  it  a little  with  warm  water,  fome  of  the  larger 
globules  will  divide  from  the  fmaller,  and  many  of  them  will  be 
fubdivided  into  fmaller  ones  : or  a little  drop  of  blood  may  be 
put  into  a capillary  tube  of  glafs,  and  be  then  prefented  before 
the  microfcope.  Mr.  Baker  advifes  the  mixing  the  blood  with 
a little  warm  milk,  which,  he  fays,  will  caufe  the  unbroken  par- 
ticles to  be  very  diflinftly  feen  ; but  the  molt  accurate  obferver  of 
thefe  particles  was  Mr.  Hewfon,  and  he  fays,  they  have  been 
termed  globules  with  great  impropriety,  being  in  reality  flat 
bodies.  When  we  conhder  how  many  ingenious  perfons  have 
been  employed  in  examining  the  blood  with  the  belt  microfcopes, 
it  appears  furprizing  that  the  figure  of  the  particles  fliould  be 
miflaken ; but  the  wonder  is  leffened  when  we  reflect  how  many 
obvious  things  are  overlooked,  till  our  attention  is  particularly 
direfled  towards  them  ; and  befides,  the  blood  in  the  human  fub- 
jeft,  and  in  quadrupeds,  is  fo  full  of  thefe  particles,  that  it  is 
with  great  difficulty  they  can  be  feen  feparate  until  the  blood  is 
diluted.  It  was  by  difcovering  a proper  method  to  effect  this  that 
Mr.  Hewfon  was  indebted  for  his  fuccefs.  He  diluted  the  particles 
with  ferum,  in  which  they  would  remain  undiffolved,  and  as  he 
could  dilute  them  to  any  degree  w ith  the  ferum,  he  could  eafily 
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examine  the  particles  diflinft  from  each  other ; ex.  gr.  take  a 
fmall  quantity  of  the  ferum  of  the  human  blood,  and  fhake  a 
piece  of  craflamentum  in  it,  till  it  is  coloured  a little  with  the  red 
particles ; then  with  a foft  hair  pencil  fpread  a little  of  it  on  a 
piece  of  thin  glafs,  and  place  this  glafs  under  the  microfcope,  in 
fuch  a manner  as  not  to  be  quite  horizontal,  but  rather  higher  at 
one  end  than  the  other ; by  which  means,  the  ferum  will  flow 
from  the  higher  to  the  lower  extremity,  and  as  it  flows  lome  of 
the  particles  will  be  found  to  fwim  on  their  flat  fides,  and  will 
appear  to  have  a dark  1’pot  in  the  middle  : others  will  turn  over 
from  one  fide  to  the  other,  as  they  roll  down  the  glafs. 

An  apparatus  has  been  defcribed  by  feveral  authors  for  view- 
ing the  circulation  of  the  blood  in  the  inefentery  of  a frog ; by 
this  inftrument  curiofity  may  be  gratified  ; but  it  is  at  the  expence 
of  humanity,  and  that  without  any  probability  of  extending  the 
bounds  of  fcience,  or  promoting  the  good  of  mankind.  No 
rational  excufe  can  be  given  for  depriving  a poor  creature  of  it’s 
life,  the  greatefl:  boon  that  nature  can  bellow,  or  even  to  put  it 
in  pain,  but  an  objedl  of  utility  ; he  who  does  from  hence  piocure 
benefits  for  the  higher  orders  of  animated  beings,  may  be  per- 
mitted to  exert  the  power  which  he  poffefles  over  the  inferior 
orders  of  life.  But  he  greatly  errs,  if  he  thinks  tliefe  powers  may 
be  ufed  to  gratify  wanton  curiofity,  or  the  fports  of  an  in- 
ordinate fancy. 


“ God,  when  he  charg'd  the  Jew 

T’  aflift  his  foe’s  down-fallen  beaft  to  rife ; 

And  when  the  buih-exploring  boy,  that  feiz'd 
The  young,  to  let  the  parent  bird  go  free, 
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Prov’d  he  not  plainly  that  his  meaner  works 
Are  yet  his  care,  and  have  an  int’reft  all — • 

All  in  the  univerfal  Father’s  love?” 

****  ****** 

“ I would  not  enter  on  my  lift  oh  friends 
(Tho’  grac’d  with  poiifh’d  manners  and  fine  fenfe* 

Yet  wanting  fenfibility)  the  man 
Who  needlefsly  fets  foot  upon  a worm. 

An  inadvertent  ftep  may  crufh  the  fnail 
That  crawls  at  ev’ning  in  the  public  path  ; 

But  he  that  has  humanity,  forewarn'd, 

Will  tread  afide,  and  let  the  reptile  live.” 

******  * * * * 

********** 

“ A neceffary  a£f  incurs  no  blame : 

Not  fo  when  held  within  their  proper  bounds, 

And  guiltlefs  of  offence,  they  range  the  air, 

Or  take  their  paftime  in  the  fpacious  fi  Jd : — 

There  they  are  privileg’d.  And  he  that  hunts. 

Or  harms  them  there,  is  guilty  of  a wrong.” 

Cowper’s  Poems,  vol.  2,  b.  vi. 
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Of  Animalcula  in  Infusions,  &c. 

Thefe  require  little  or  no  preparation.  The  firfl:  obje£l  is  to 
procure  them,  the  fecond  to  render  them  vifible  by  the  micro- 
fcope.  A few  obfervations,  however,  may  be  or  ufe.  Many 
drops  of  water  may  be  examined  before  any  can  be  found  ; fo 
that  if  the  obferver  be  too  hafty,  he  may  be  eafily  d,ra  pointed, 
though  other  parts  of  the  fame  water  may  be  fully  peopled  by 
them. 

The  furface  of  infufed  liquors  is  generally  covered  with  a thin 
pelicule,  which  is  eafily  broken,  but  acquires  thicknefs  by  hand- 
ing ; the  greatefi  number  of  animalcula  are  generally  to  be  found 
in  this  fuperficial  film. 

In  fome  cafes  it  is  necefiary  to  dilute  the  infufions ; but  this  is 
always  to  be  done  with  dillilled  water,  and  that  water  fhould  be 
examined  in  the  microfcope  before  it  is  made  ufe  of : the  neg- 
le6l  of  this  precaution  has  been  a fource  of  many  errors. 

Animalcula  are  in  general  better  obferved  when  the  water  is  a 
little  evaporated,  as  the  eye  is  not  .confuted,  nor  the  attent’ m 
diverted  by  a few  objects.  To  feparate  one  or  two  animalcula 
from  the  red,  place  a fmall  drop  of  water  on  the  glafs  near  that 
of  the  infufion  ; make  a fmall  neck,  or  gutter,  between  the  two 
drops  with  a pin,  which  will  join  them  together  ; then  the  infiant 
you  perceive  that  an  animalculum  has  traverfed  the  neck  or  gutter, 
and  entered  the  drop,  cut  off  the  communication  between  the 
two  drops. 
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To  procure  the  eels  in  palle,  boil  a little  flour  and  water,  till 
it  comes  to  the  confidence  of  fuch  a palle  as  is  uled.by  the  book- 
binders ; expofe  it  to  the  air  in  an  open  veffel,  and  beat  it  toge- 
ther from  time  to  time,  to  prevent  the  furface  thereof  growing 
hard  or  mouldy  : after  a few  da.  s it  will  turn  four  ; then,  if  it  be 
examined  with  attention,  you  will  find  myriads  of  eels  on  the 
furface. 

To  preferve  thefe  eels  all  the  year,  you  muff  keep  the  furface 
of  the  palle  moift,  by  putting  a little  water  or  frefh  pafle  from 
time  to  time  to  the  other.  Mr.  Baker  advifes  a drop  or  two  of 
vinegar  to  be  put  into  the  paffe  now  and  then.  The  continual 
motion  of  the  eels,  while  the  furface  is  moift,  will  prevent  the 
pafle  getting  mouldy.  Apply*  them  to  the  microfcope  upon  a 
flip  of  flat  glafs,  firfl  putting  on  it  a drop  of  water,  taken  up 
by  the  head  of  a pin,  for  them  to  fwim  in* 

To  make  an  infufion  of  pepper.  Bruife  as  much  common 
black  pepper  as  will  cover  the  bottom  of  an  open  jar,  and  lay  it 
thereon  about  half  an  inch  thick  ; pour  as  much  foft  water  in  the 
veffel  as  will  rife  about  an  inch  above  the  pepper.  The  pepper 
and  water  are  then  to  be  well  fhook  together;  after  which  they 
mull  not  be  flirred,  but  be  left  expofed  to  the  air  for  a few  days, 
when  a thin  pelicule  will  be  formed  on  the  furface  of  the  water, 
containing  millions  of  animalcu’a. 

The  obferver  fhould  be  careful  not  to  form  a judgment  of  the 
nature,  the  ufe,  and  the  operations  of  fmall  animalcula,  from 
ideas  which  he  has  acquired  by  confidering  the  properties  of  larger 
animals : for,  by  the  afhltance  of  glades,  we  are  introduced  as  it 


were 


Microscopical  Essays. 


J52 

were  into  a new  world,  and  become  acquainted  not  only  with  a 
few  unknown  animals,  but  with  numerous  fpccies  thereof,  which 
are  fo  lingular  in  their  formation  and  habits,  that  without  the 
cleared  proofs  even  their  exiltence  would  not  be  credited ; and 
while  they  afford  frefh  inlfances  of  the  Creator’s  power,  they  alfo 
give  further  proofs  of  the  limits  and  weaknefs  of  the  human 
underbanding. 


Directions  for  finding,  feeding-,  and  preserving 

the  Polypes. 

Thefe  little  animals  are  to  be  found  upon  all  forts  of  aquatic 
plants,  upon  branches  of  trees,  pieces  of  board,  rotten  leaves, 
hones,  and  other  fubllances  that  lie  in  the  water;  they  are  alfo  to 
be  found  upon  the  bodies  of  feveral  aquatic  animals,  as  on  the 
water-fnail,  on  feveral  ipeeies  of  the  monoculus,  &c.  they  gene- 
rally fix  themfelves  to  thele  by  their  tail,  fo  that  it  is  a very  good 
method  when  you  are  in  fearch  of  polypes,  to  take  up  a great 
many  of  thefe  fubllances,  and  put  them  in  a gl^fs  full  of  water. 
If  there  be  any  polypes  adhering  to  thefe,  you  will  foon  perceive 
them  firetching  out  their  arms,  efpecially  if  the  glais  is  let  Hand 
ftill  for  a while  without  moving  it ; for  the  polypes,  which  con- 
tract themfelves  on  being  fird  taken  out  of  the  water,  will  foon 
extend  themfelves  again  when  they  are  at  red. 

They  are  to  be  fought  for  in  the  corners  of  ditches,  puddles, 
and  ponds,  being  generally  driven  into  thefe  with  the  pieces  of 
wood  or  leaves  to  which  they  have  attached  themf  Ives,  i hey 
may,  therefore,  be  fought  for  in  vain  at  one  period,  in  a place 
where  at  another  you  diall  find  them  in  abundance.  They  are 
4 more 
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more  eafily  perceived  in  a ditch  when  the  fun  fhines  on  the  bot- 
tom, than  at  another  time.  They  are  feldom  to  be  met  with  in 
winter : about  the  month  of  May  they  begin  to  appear  and 
increafe. 

They  are  generally  to  be  found  in  waters  which  move 
gently ; for  neither  a rapid  ftream,  nor  ftagnant  waters,  ever 
abound  with  them.  As  they  are  always  fixed  to  fome  fubflance 
by  their  tails,  and  are  very  rarely  loofe  in  the  water,  taking  up 
water  only  can  fignify  but  little  ; a circumflance  which  has  pro- 
bably been  the  caufe  of  much  difappointment  to  thofe  who  have 
fearched  for  them. 

The  green  polypes  are  generally  about  half  an  inch  long  when 
flretched  out ; thofe  of  the  fecond  and  third  fort  are  between 
three  quarters  of  an  inch  and  an  inch  in  length ; though  fome 
are  to  be  found  at  times  which  are  an  inch  and  a half  long. 

Heat  and  cold  has  the  fame  effeft  upon  thefe  little  creatures, 
that  it  has  upon  thofe  of  a larger  fize.  They  are  animated  and 
enlivened  by  heat,  whereas  cold  renders  them  faint  and  languid  ; 
they  fliould  therefore  be  kept  in  fuch  a degree  of  heat,  that  the 
w’ater  may  not  be  below  temperate. 

It  is  convenient  for  many  experiments  to  fufpend  a polype 
from  the  furface  of  the  water.  1 o effeft  this,  take  a hair  pencil 
in  one  hand,  and  hold  a pointed  quill  in  the  other;  with  the 
pencil  loofen  the  polype  from  the  receiver  in  wThich  it  is  kept, 
and  gradually  raife  it  near  the  top  of  the  water,  fo  that  the  ante- 
rior end  may  be  next  the  point  of  the  pencil;  then  lift  it  out  of 
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the  water,  and  keep  it  To  for  a minute  ; after  which,  thruft  the 
point  of  the  pencil,  together  with  the  anterior  end,  by  little  and 
little  under  water,  until  no  more  than  about  half  the  tenth  of  an 
inch  of  the  polypes  tail  remains  above  it’s  furface ; at  this  inftant, 
with  the  pointed  quill  remove  that  part  of  the  polype  from  the 
pencil  which  is  already  in  the  water,  and  at  the  fame  time  blow- 
ing againft  the  polype,  it  will  be  loofened,  and  remain  out  of 
the  water. 

When  the  polypes  were  firft  difcovered,  Mr.  Trembley  had 
fome  difficulty  to  find  out  that  food  which  was  proper  for  them ; 
but  he  foon  difcovered,  that  a fmall  fpecies  of  the  millepede 
anfwered  the  purpofe  very  well : the  pulices  aquatices  have  alfo 
been  recommended.  The  fmall  red  worms,  which  are  to  be 
found  on  the  mud-banks  of  the  Thames,  particularly  near  the 
fhores,  anfwer  the  purpofe  alfo ; they  are  ealily  found  when  the 
tide  is  out,  when  they  rife  in  fuch  fwarms  on  the  lurface  of  the 
mud,  that  it  appears  of  a red  colour.  Thefe  worms  are  an  ex- 
cellent food  for  the  polype.  If  a fufficient  quantity  is  gathered  in 
November,  and  put  into  a large  glafs  full  of  water,  with  three  or 
four  inches  of  earth  at  the  bottom,  you  will  have  a fupply  for  the 
polypes  all  the  winter.  They  may  alfo  be  fed  with  common 
worms,  with  the  larva  of  gnats  and  other  infefis,  and  even  with 
butchers  meat,  &c.  if  it  be  cut  fmall  enough. 

River,  or  any  foft  water,  agrees  with  them ; but  that  which. is 
hard  and  (harp  prevents  their  thriving,  and  generally  kills  them 
in  a few  days.  The  worms  with  which  they  are  fed  fhould  be 
always  cleanfed  before  you  feed  the  polypes  with  them. 
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The  polypes  are  commonly  infefled  with  little  lice ; from  thefe 
it  is  neceffary  to  free  them,  in  order  to  preferve  your  polypes 
in  a good  flare  of  health.  They  may  be  cleanfed  from  the  lice 
bv  rubbing  them  with  a hair  pencil ; this  cannot  be  eafily  done, 
without  they  have  affixed  themfelves  to  fome  fubftance : fo  that 
if  they  are  fu  Trended  from  the  furface  of  the  water,  you  mufl  en- 
deavour to  get  them  to  fix  themfelves  to  a piece  of  packthread  ; 
wht:  they  are  faflenecl  thereto,  you  may  then  rub  them  with  a 
hair  pencil,  without  loofening  them  from  the  thread. 

The  lice  which  torment  the  polype  are  not  only  very 
numerous,  but  they  are  alfo  very  large  relative  to  it’s  fize : they 
may  be  faid  to  be  nearly  as  large  with  refpeft  to  them,  as  a com- 
mon beetle  is  to  us.  If  they  are  not  rubbed  off,  they  fbon  cover 
their  bodies,  and  in  a little  time  totally  deflroy  them. 

To  preferve  the  polypes  in  health,  it  is  alfo  neceffary  often  to 
change  the  water  they  are  kept  in,  and  particularly  after  they 
have  done  eating ; it  is  not  fufficient  to  pour  the  water  off,  all 
the  polypes  fhould  be  taken  out,  and  the  bottom  and  Odes  of  the 
veffel  rubbed  from  the  flimy  fediment  adhering  thereto ; this  is 
caufed  by  their  faeces,  and  is  fatal  to  them  if  not  cleaned 
away.  The  faeces  often  occafion  a fpecies  of  mortification,  which 
increafes  every  day ; it’s  progrefs  may  be  flopped  by  cutting  off 
the  difeafed  part.  To  take  them  out,  firft  Ioofen  their  tails  from 
the  Tides  or  bottom  of  the  glafs ; then  take  them  up  one  by  one, 
with  a quill  cut  in  the  fhape  of  a fcoop,  and  place  them  in  ano- 
ther glafs  with  clean  water ; if  they  cling  to  the  quill,  let  it 
remain  a minute  or  two  in  water,  and  they  will  foon  di (engage 
themfelves. 
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They  are  preferred  beft  in  large  glaffes,  that  hold  three  or  four 
quarts  of  water;  for  in  a glafs  of  .this  fize  the  water  need  not  be 
renewed  fo  often,  particularly  if  the  faeces  are  taken  out  from 
time  to  time  with  the  feathered  end  of  a pen,  to  which  it  readily 
adheres ; and  further,  the  trouble  of  feeding  each  individual  is  in 
fome  meafure  faved,  as  you  need  only  throw  in  a parcel  of 
worms,  and  let  the  polypes  divide  them  for  themfelves. 

To  obferve  with  accuracy  the  various  habitudes,  pofitions,  See, 
of  this  little  animal,  it  will  be  neceffary  to  place  fome  of  them  in 
narrow  cylindrical  glaffes  ; then,  by  means  of  the  microfcope. 
Fig.  3,  Plate  VI.  you  may  obferve  it  exerting  all  it’s  aflions  of  life 
with  eafe  and  convenience ; the  facility  with  which  the  lens  of 
the  fore-mentioned  microfcope  may  be  moved  and  placed  in 
any  direflion,  renders  it  a molt  convenient  inflrument  for  ex- 
amining any  objefl  that  requires  to  be  viewed  in  water. 

It  is  alfo  very  proper  to  dry  fome  of  them,  and  place  them  be- 
tween talcs  in  a Aider  ; this  however  requires  fome  dexterity,  and  a 
little  praftice ; tho’  when  executed  with  fuccefs,  it  fully  rewards 
the  pains  of  the  obferver.  Chufe  a proper  polype,  and  put  it  in  a 
fmall  concave  lens,  with  a drop  of  water  ; when  it  is  extended, 
and  the  tail  fixed,  pour  off  a little  of  the  water,  and  then  plunge 
it  with  the  concave  into  fome  fpirit  of  wine  contained  in  the  bowl 
of  a large  fpoon  ; by  this  it  is  inffantly  killed,  the  arms  and  body 
contracting  more  or  lefs ; rub  it  gently,  while  in  fpirits,  with  a 
fmall  hair  pencil,  to  cleanfe  it  from  the  lice. 

The  difficulty  now  begins  ; for  the  parts  of  the  polype,  on 
' being  taken  out  of  the  fpirits,  immediately  cling  together,  fo  that 
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it  is  not  prafiicable  to  extend  the  body,  and  feparate  the  arms  on 
the  talc,  without  tearing  them  to  pieces  : fo  that  the  only  method 
is,  to  adjuft  them  upon  the  talc  while  in  the  fpirits ; this  may  be 
done  by  flipping  the  talc  under  the  body  of  the  polype,  while  it 
lies  in  the  fpirits,  and  difplaying  it’s  arms  thereon  by  the  fmall 
hair  pencil  and  a pair  of  nippers ; then  lift  the  talc,  with  the 
polype  upon  it,  out  of  the  fpirits ; take  hold  of  it  with  the  nip- 
pers in  the  left  hand,  dip  the  pencil  in  the  fpirits  with  the  right 
hand,  and  therewith  difpofe  of  the  feveral  parts,  that  they  may 
lie  in  a convenient  manner,  at  the  fame  time  brufhing  away  any 
lice  that  may  be  feen  upon  the  talc  ; now  let  it  dry,  which  it 
does  in  a little  time,  and  place  the  talc  carefully  in  the  hole  of 
the  flider.  To  prevent  the  upper  talc  and  ring  prefling  on  the 
polype,  you  mufl  cut  three  pieces  of  cork,  about  the  bignefs  of  a 
pins  head,  and  the  depth  of  the  polype,  and  fix  them  by  gum 
in  a triangular  pofition,  partly  on  the  edges  of  the  faid  talc, 
partly  to  the  fides  of  the  ivory  hole  itfelf ; the  upper  talc  may 
then  be  laid  on  thefe  corks,  and  preffed  down  by  the  ring  as 
ufual.  * 


Of  Vegetables. 

I wifh  I could  give  the  reader  a fatisfaftory  account  of  all  the 
preparations  which  are  requifite  to  fit  for  the  microfcope  the  ob- 
jefis  of  the  vegetable  kingdom.  Dr.  Hill  is  the  only  writer  who 
has  handled  this  fubieft.  I fhall,  therefore,  extraft  from  his 
“ Treatife  on  the  Conftru&ion  of  Timber;’  what  he  has 
faid ; this,  together  with  the  improvements  I have  made  on  the 
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cutting  engine,  will  enable  the  reader  to  purfue  the  fubjeft,  and 
extend  it  further,  both  for  his  own  pleafure,  and  the  advantage  of 
the  public. 

The  Manner  of  obtaining  the  Parts  of  a Shoot 

SEPARATE. 

In  the  beginning  of  April,  take  a quantity  of  young  branches 
from  the  fcarlet  oak,  and  other  trees.  Thefe  are  firft  cut  into 
lengths,  of  the  growth  of  different  feafons  ; and  then  part  are  left 
entire,  part  fplit,  and  the  reft  quartered.  In  this  ftate  they  are 
put  into  a wicker  bafket,  with  large  openings,  or  of  loofe  work, 
and  a heavy  ftone  is  put  in  with  them  : a rope  is  tied  to  the  han- 
dle of  the  bafket,  and  it  is  thrown  into  a brook  ot  running  water : 
at  times  it  is  taken  up,  and  expofed  a little  to  the  air ; it  is  fre- 
quently fhook  about  under  water,  to  wafh  off  filth  ; and  once  in 
ten  days  the  flicks  are  examined. 

By  degrees  the  parts  loofen  from  one  another ; and  by  gentle 
rubbing  in  a bafcn  of  water,  juft  warmed,  they  will  be  fo  far 
feparated,  that  a pencil  brufh  will  perfefl  the  bufinefs,  and  afford 
pieces  of  various  fize,  pure,  diftinft,  and  clean.  One  part  will 
in  this  way  feparate  atone  time,  and  another  at  another  ; but  by 
returning  the  flicks  to  the  water,  and  repeating  the  operation, 
in  the  courfe  of  four  or  five  weeks,  every  part  may  be  obtained 
diftindl.  They  are  beft  examined  immediately ; but  if  any  one 
wifhes  to  prefervethem  for  repeated  inquiries,  it  may  be  done  in 
this  manner  : diffolve  half  an  ounce  of  alum  in  two  quarts  of 
water;  drop  the  pieces  thus  feparated,  for  a few  moments,  into 
this  folution,  then  dry  them  upon  paper,  and  put  them  up  in 
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vials  of  fpirit  of  wine.  Nothing  but  fpirit  of  wine  can  preferve 
thel’e  tender  bodies. 

To  PREPARE  THE  RlND  FOR  OBSERVATION. 

I 

As  the  veffels  of  the  rind  are  of  different  diameters  in  various 
trees,  though  their  conftru£lion  and  that  of  the  blebs  is  perfe&ly 
the  fame  in  all,  it  will  be  bell  to  chufe  for  this  purpofe  the  rind 
of  a tree  wherein  they  are  larged.  The  rind  of  the  afh-leaved 
maple  is  finely  luited.  A piece  of  this  may  be  obtained  of  two 
inches  long,  and  will  very  fuccefsf.  illy  anfwer  the  intention.  Such 
a piece  being  prepared  without  alum  or  fpirit,  but  dried  from  the 
water  in  which  it  had  been  macerated,  it  is  to  be  impregnated 
with  lead  in  the  following  manner,  to  fhew  the  apertures  by 
their  colour. 

Diffolve  one  dram  of  fugar  of  lead  in  an  ounce  and  a half  of 
water;  filter  this  through  paper,  and  pour  it  into  a tea-cup. 
Clip  off  a thin  flice  of  what  was  the  lower  end  of  the  piece  of 
rind  as  it  grew  on  the  tree,  and  plunge  it  near  an  inch  deep  into 
the  liquor;  keep  it  upright  between  two  pieces  of  flick,  fo  that 
one  half  or  more  may  be  above  the  water:  whelm  a wine  and 
water  glafs  over  the  tea-cup,  and  fet  the  whole  in  a warm  place. 
When  it  has  flood  two  days,  take  it  out,  and  clip  off  all  that  part 
which  was  in  the  liquor,  and  throw  it  away. 

The  circumflances  here  mentioned,  trivial  as  they  feem,  mufl 
be  attended  to : the  operation  will  not  fucceed,  even  if  the 
covering-glafs  be  omitted  ; it  keeps  a moifl  atmofphere  about  the 
rind,  and  makes  it’s  veflels  fupple. 
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While  this  is  handing,  put  into  a bafon  two  ounces  of  quick 
lime,  and  an  ounce  of  orpiment ; pour  upon  them  a pint  and  a 
half  of  boiling  water  ; flir  the  whole  together,  and  when  it  has 
flood  a day  and  night,  it  will  be  fit  for  ufe.  This  is  the  liquor 
probatorius  vini  of  fome  of  the  German  chemifls  : it  difcovers 
lead  when  wines  are  adulterated  with  it,  and  will  fhew  it  any 
where. 

Put  a little  of  this  liquor  in  a tea-cup,  and  plunge  the  piece  of 
rind  half-way  into  it. 

In  the  former  part  of  this  experiment,  the  vefiels  of  the  rind 
have  been  filled  with  a folution  oi  lead,  that  makes  of  itfelf  no 
vihble  alteration  in  them  ; but  this  colourlefs  impregnation,  when 
the  orpiment  lixivium  gets  to  it,  becomes  of  a deep  brown ; the 
veffels  themfelves  appear  fomewhat  the  darker  for  it;  but  thefe 
dots,  which  are  real  openings,  now  are  feen  to  be  plainly  fuch, 
the  colour  being  perfectly  vihble  in  them,  and  much  darker  than 
in  the  veffels.  This  object  mufl  be  always  viewed  dry. 

If  a piece  of  the  rind,  thus  impregnated,  be  gently  rubbed 
between  the  fingers,  till  the  parts  are  feparated,  we  fhall  be  able 
in  one  place  or  other  to  get  a view  of  the  veffels  all  round,  and  of 
the  films  which  form  the  blebs  between  them. 

Every  part  of  the  rind,  and  every  coat  of  it,  even  the  inter- 
fliti  1 place  between  it’s  innermoft  coat  and  b ark,  are  filled  with  a 
fine  fluid.  The  very  courfe  and  progrefs  of  the  fluid  may  be 
fbewn  in  this  part,  even  by  an  eafy  preparation : only  that 
different  rfnds  muff  be  fought  for  this  purpofe,  the  veffels  in  fome 
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being  larger  than  in  others.  Repeated  trials  have  fhewn  me  that 
the  whole  pr  ogre  Is  may  beeafily  marked  in  the  three  following 
kinds,  with  only  a tin&ure  of  cochineal. 

Put  half  an  ounce  of  cochineal,  in  powder,  into  half  a pint  of 
fpirii  of  wine  ; fet  it  in  a warm  place,  and  fhake  it  often  for  four 
days  ; then  filter  off  the  clear  tinCture.  Put  an  inch  depth  of 
this  into  a cup,  and  fet  upright  in  it  pieces  of  the  rind  of  afh, 
white  willow,  and  ozier,  prepared  as  has  been  direCted,  by  mace- 
ration in  water ; for  in  that  way  one  trouble  does  for  a hundred 
kinds.  Let  an  inch  of  the  rinds  alfo  Hand  up  out  of  the  tinCture. 
After  twenty-four  hours  take  them  out,  clip  off  the  part  which 
was  iinmerfed  in  the  fluid,  and  fave  the  reft  for  obfervation. 

To  PREPARE  THE  JBlEA. 

Cut  the  pieces  in  a fit  feafon,  either  juft  before  the  firft  leaves 
of  fpring,  or  in  the  midfummer  fhooting  time.  Then  we  fee  all 
the  wonders  of  the  ftruCture ; the  thoufands  of  mouths  which 
open  throughout  the  courfe  of  thefe  innumerable  veffels,  to  pour 
their  fluid  into  the  interftitial  matter. 

Thefe  veffels,  wThich  are  in  nature  citterns  of  fap  for  the  feed- 
ing the  growth  of  the  whole  tree,  are  fo  large,  that  they  are 
capable  of  being  filled  with  coloured  wax,  in  the  manner  of  the 
veffels  in  anatomical  injections  ; and  this  way  they  afford  pleafing 
objects  for  the  microfcope,  and  give  excellent  opportunities  of 
tracing  their  courfe  and  llruCture. 
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A Method  of  filling  the  Sap  Vessels  of  Plants. 

A great  many  fhoots  of  the  fcarlet  and  other  oaks  are  to  be 
taken  off  in  the  fpring ; they  muff  be  cut  into  pieces  of  about  two 
inches  in  length,  and  immediately  from  the  cutting  they  mull 
drop  into  fome  warm  rain  water : in  this  they  are  to  hand 
twenty-four  hours,  and  then  be  boiled  a little.  When  taken  out, 
they  are  to  be  tied  on  firings,  and  hung  up  in  a place  where  the 
air  paffes  freely,  but  the  fun  does  not  fhine.  When  they  are 
perfeflly  dry,  a large  quantity  of  green  wax,  fuch  as  is  ufed  for 
the  feals  of  law  deeds,  is  to  be  gently  melted  in  an  earthen  pipkin 
fet  in  water  ; the  water  to  be  heated  and  kept  boiling.  As  foon 
as  the  wax  runs,  the  flicks  are  to  be  put  in,  and  they  are  fre>- 
quently  to  be  flirred  about.  They  muft  be  kept  in  this  flate 
about  an  hour,  and  then  the  pipkin  is  to  be  taken  out  of  the 
water,  and  fet  upon  a naked  fire,  where  it  is  to  be  kept  with  the 
wax  boiling'  for  two  or  three  hours  ; frefh  fupplies  of  the  fame 
wax  being  added  from  time  to  time. 

After  this  it  is  to  be  removed  from  the  fire,  and  the  flicks  im- 
mediately taken  out  with  a pair  of  nippers;  when  they  are  cold, 
the  rough  wax  about  them  is  to  be  broken  off.  Both  ends  of 
each  flick  are  to  be  cut  off  half  an  inch  long,  and  thrown  away, 
and  the  middle  pieces  faved.  Thefe  are  then  to  be  cut  in  fmaller 
lengths,  fmoothed  at  the  ends  with  a fine  chiffel,  and  many  cf 
them  fplit  in  various  thickneffes. 

% 

Thus  are  obtained  preparations,  not  only  of  great  ufe,  but  of 
a wonderful  beauty.  Many  trees  this  way  afford  handfome  ob- 
jects as  well  as  the  oak;  and  in  fome,  where  the  fap  vefiels  are 
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few,  large,  and  diftinft,  the  fplit  pieces  referable  flriped  fatins, 
in  a way  fcarce  to  be  credited.  It  is  in  fuch  that  the  outer  coats 
of  thefe  veflels  are  mod  happily  of  all  to  be  examined. 

The  Method  of  preparing  Salts  and  Saline  Sub- 
stances FOR  THE  VIEWING  THEIR  CONFIGURATIONS. 

Dilfolve  the  fubjeft  to  be  examined  in  no  larger  a quantity  of 
river  or  rain  water  than  is  fufficient  to  faturate  it ; if  it  is  a body 
eafily  diffolvable,  make  ufe  of  cold  water,  otherwife  make  the 
water  warm  or  hot,  or  even  boiling,  according  as  you  find  it 
neceffary.  After  it  is  perfeftly  diffolved,  let  it  reft  for  fome  hours, 
till,  if  over-charged,  the  redundant  faline  particles  are  pre- 
cipitated, and  fettle  at  the  bottom,  or  flioot  into  crydals  ; by 
which  means  you  are  mod  likely  to  have  a folution  of  the  fame 
drength  at  one  time  as  at  another ; that  is,  a folution  fully 
charged  with  as  much  as  it  can  hold  up,  and  no  more  : and  by 
thefe  precautions  the  configurations  appear  alike,  how  often 
foever  tried  : whereas,  if  the  water  be  Iefs  faturated,  the  pro- 
portions, at  different  times,  will  be  fubjeff  to  more  uncertainty  ; 
and  if  it  be  examined  before  fuch  feparation  and  precipitation  of 
the  redundant  falts,  little  more  will  be  feen  than  a confufed  mafs 
of  crydals. 

The  folution  being  thus  prepared,  take  up  a drop  of  it  with  a 
goofe  quill,  cut  in  fafhion  of  a fcoop,  and  place  it  on  a flat  flip  of 
glafs,  of  about  three  quarters  of  an  inch  in  width,  and  between 
three  and  four  inches  long,  fpreading  it  on  the  glafs  with  the 
quill,  in  either  a round  or  oval  figure,  till  it  appears  a quarter  of 
an  inch  or  more  in  diameter,  and  fo  (hallow  as  to  rife  very  little 

W 2 above 


164 


\ 


Microscopical  Essays. 

above  the  furface  of  the  glafs.  When  it  is  fo  difpofed,  hold  it  as 
level  as  you  can  over  the  clear  part  of  a fire  that  is  not  too  fierce, 
or  over  the  flame  of  a candle,  at  a diftance  proportionable  to  the 
degree  of  heat  it  requires,  (which  experience  only  can  direct)  and 
watch  it  very  carefully  till  you  difcover  the  faline  particles 
beginning  to  gather  and  look  white,  or  of  fome  other  colour,  at 
the  extremities  of  the  edges  ; then  having  adjufted  the  microfcope 
before-hand  for  it’s  reception,  armed  with  the  fourth  glafs,  which 
is  the  fittefl  for  mod  of  thefe  experiments,  place  it  under  your 
eye,  and  bring  it  exadlly  to  the  focus  of  the  magnifier;  and  after 
running  over  the  whole  drop,  fix  your  attention  on  that  fide 
where  you  obferve  any  increafe  or  pufhing  forwards  of  cryflalline 
matter  from  the  circumference  towards  the  center. 

This  motion  is  extremely  flow  at  the  beginning,  unlefs  the  drop 
has  been  over-heated,  but  quickens  as  the  water  evaporates,  and 
in  many  kinds,  towards  the  conclufton,  produces  configurations 
with  a fwiftnefs  inconceivable,  compofed  of  an  infinity  of  parts, 
which  are  adjufted  to  each  other  with  an  elegance,  regularity* 
and  order,  beyond  what  the  exafteft  pencil  in  the  world,  guided 
by  the  ruler  and  compafs,  can  ever  equal,  or  the  mod  luxuriant 
imagination  fancy. 

/ 

When  aftion  once  begins,  the  eye  cannot  be  taken  off,  even 
for  a moment,  without  lofing  fomething  worth  obfervation ; for 
the  figures  alter  every  inftant,  till  the  whole  procefs  is  over;  and 
in  many  forts,  after  all  feems  at  an  end,  new  forms  arife,  different 
entirely  from  any  that  appeared  before,  and  which  probably  are 
owing  to  fome  fmall  quantity  of  fait  of  another  kind,  which  the 
other  feparates  from,  and  leaves  to  aft,  after  itfelf  has  done ; and 
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in  fome  fubje&s  three  or  four  different  forts  are  obfervable,  few 
or  none  being  fimple  and  homogeneous. 


When  the  configurations  are  fully  formed,  and  all  the  water 
evaporated,  molt  kinds  of  them  are  foon  deftroyed  again  by  the 
moiflure  or  action  of  the  air  upon  them  ; their  points  and  angles 
lofe  their  lliarpnels,  become  uneven  and  defaced,  and  moulder  as 
it  were  away ; but  fome  few  are  permanent,  and  by  being  in- 
clofed  between  glaffes,  they  may  be  preferved  months  or  even 
years. 

It  happens  oftentimes  that  a drop  of  a faline  folution  can 
hardly  be  fpread  on  the  flip  of  glafs,  by  reafon  of  the  glafs’s 
fmoothnefs,  but  breaks  into  little  globules,  as  it  would  do  were 
the  furface  greafy  : the  way  to  prevent  this  is,  by  rubbing  the 
broken  drop  with  your  finger  over  the  glafs,  fo  as  to  leave  the 
glafs  fmeared  with  it ; on  which  fmeared  place,  when  dry,  ano- 
ther drop  of  the  folution  may  he  fpread  very  eafily  in  what  form 
one  pleafes. 


It  fometimes  happens,  that  when  a heated  drop  is  placed 
properly  for  examination,  the  obferver  finds  he  can  diftinguifh 
nothing;  which  is  owing  to  faline  fleams  that  rife  from  the  drop 
cover,  and  obfcure  the  objedi  glafs,  and  therefore  muft  imme- 
diately be  wiped  away  with  a foft  cloth  or  leather. 

In  all  examinations  by  the  microfcope  of  faline  folutions,  even 
though  made  in  the  day-time,  you  muft  ufe  a candle;  for  the 
configurations  being  exceedingly  tranfparent,  are  rendered  much 
more  diftinguifhable  by  the  brown  light  a candle  affords,  than  by 
4 the 


1 66 


Microscopical  Essays. 


the  more  white  and  tranfparent  day-light ; and  befides,  either  by 
moving  the  candle  or  turning  the  microfcope,  fuch  light  may  be 
varied  or  direfted  juft  as  the  fubjefi  requires. 

It  may  be  alfo  proper  to  take  notice,  that  no  kinds  of  micro- 
fcopes  are  fit  for  thefe  obfervations,  but  fuch  as  have  an  open 
ftage,  whereon  the  Hips  of  glafs,  with  the  liquor  upon  them,  may 
be  placed  readily,  and  in  a perfefl  horizontal  pofition  ; and 
moreover,  where  they  can  be  turned  about  freely,  and  without 
difordering  th£  fluid. 
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Of  Insects  in  general. 

ATURAL  hiflory  has  been  more  cultivated  in  the,pre- 


-T  y Tent  century  than  in  all  thofe  which  have  preceded  it. 
Many  men,  of  the  firft  rank  in  literature,  have  not  difdained  to 
become  labourers  in  the  vaft  field  which  this  fcience  offers  every 
day  to  the  eyes  of  an  accurate  and  attentive  obferver.  The 
animal,  the  vegetable,  and  the  mineral  kingdoms,  have  been 
examined  with  the  greatefl  care ; and  that  confufion  and  per- 
plexity, which,  from  a view  of  the  immenfe  variety  of  indivi- 
duals which  each  kingdom  contained,  it  feemed  natural  to 
apprehend,  has  been  removed,  by  introducing  fyflematic  order 
into  this  branch  of  fcience  ; by  which  means  the  various  indivi- 
duals have  been  distributed  into  claffes  and  genera,  and  we  are 
now  enabled  to  form  diflinfl  and  accurate  ideas  of  them.  To 
the  fame  fyflematic  plan,  and  the  nicety  of  difcrimination  which 
arifes  from  it,  we  are  indebted  for  the  difcovery  and  defcription 
of  many  new  fpecies  in  each  kingdom. 

Amidfl  the  numerous  objefls  which  crowd  in  upon  the  natural 
hiflorian,  and  engage  his  attention,  infers  have  not  been  neg- 
lefled  ; and  though  they  are  the  mofl  numerous  of  the  animal 
tribe,  and  for  the  mofl  part  very  fmall,  yet  the  knowledge  of  their 
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nature  and  wonderful  ceconomy  has  been  cultivated  with  unre- 
mitting ardour.  Some  authors  have  confined  themfelves  to 
divide  and  feparate  them  into  various  claffes,  and  defcribe  their 
charafieriftic  differences  : others  have  been  employed  in  tracing 
their  habits  of  life,  or  in  exploring  the  wonderous  mechanifm  of 
their  frame  and  ftru&ure  ; fo  that  the  nature,  habits,  and  many 
peculiarities  of  their  ffate  of  life,  are  now  well  known. 

In  number,  fingularity  of  appearance,  and  variety  of  form, 
infects  exceed  every  other  part  of  animated  nature.  Earth,  air, 
and  water,  are  filled  with  hofls  thereof,  a far  greater  part  of  which 
are  invifible  to  the  naked  eye  ; but  amongff  all  this  variety,  we 
perceive  the  fame  regularity,  and  can  trace  the  footfteps  of  that 
love  and  w ifdom  which  fo  ffrongly  marks  every  work  of  God. 
In  contemplating  the  works  of  the  Creator,  we  (hall  always  find 
his  wifdom  and  his  love  in  pages  written  by  his  own  eternal  hand, 
in  characters  legible  to  every  eye. 

After  tfn  attentive  examination  of  the  nature  and  fabric  of  both 
the  leaf!  and  largeft  animals,  I cannot  (fays  the  truly  great  and 
mod  excellent  Swammerdam)  but  allow  the  lefs  an  equal,  per- 
haps a fuperior,  degree  of  dignity.  Whoever  duly  confiders  the 
conduCt  and  inftinCt  of  the  one,  with  the  manners  and  adions  of 
the  other,  muff  acknowledge  all  are  under  the  direction  and  con- 
troul  of  a fupreme  and  particular  intelligence  ; which,  as  in  the 
largeft  it  extends  beyond  the  limits  of  our  comprehenfion,  efcapes 
our  refearches  in  the  fmalleft.  If,  while  we  difteCt  with  care  the 
larger  animals,  we  are  filled  with  wonder  at  the  elegant  dif- 
polition  of  their  limbs,  the  inimitable  order  of  their  mufcles, 
and  the  regular  direClion  of  their  veins,  arteries,  and  nerves  ; to 
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Avliat  an  height  is  our  afconifhment  raifed,  when  we  difcover  all 
thefe  parts  arranged  in  the  lead,  in  the  fame  regular  manner. 
How  is  it  polhble  but  what  we  mud  hand  amazed,  when  we 
refleH  that  thofe  little  animals,  whofe  bodies  are  fmaller  than  the 
point  of  the  diffe&ing  knife,  have  mufcles,  veins,  arteries,  and 
every  other  part  common  to  the  larger  animals  ? Creatures  fo 
very  diminutive,  that  our  hands  are  not  delicate  enough  to 
manage,  nor  our  eyes  fufficiently  acute  to  fee  them. 

All  beings  are  perfeft,  confidered  in  themfelves : they  all 
anfwer  one  end.  The  determinations  or  qualities  of  each  being 
are  the  means  relative  to  this  end.  Thofe  means  which  are  of 
an  exalted  nature  anfwer  a nobler  or  higher  purpofe.  The 
meafure  of  perfeftion  confifis  in  the  relation  which  every  being 
bears  to  the  whole. 

When  confidered  with  refpeft  to  the  Creator,  all  creatures  are 
upon  a level ; and  yet,  as  creatures,  even  the  molt  defpicable 
bear  fuch  relation  to  their  Creator,  as  to  make  them  highly  va- 
luable to  their  fellow-creatures,  who  are  themfelves  only  valuable 
by  fharing  and  partaking  of  the  Divine  influence.  As  the  har- 
mony and  infinity  of  the  eternal  Artifl  are  impreffed  on  all  his 
works,  and  as  outwardly  we  can  find  no  bounds,  fo  inwardly  we 
can  find  no  end  of  art  and  beauty.  Let  us  then  not  flight  or 
deem  that  little,  in  which  immenfity  is  fo  confpicuous  ; or  that 
trivial,  in  which  there  is  fuch  a manifcflation  of  infinite  wifdom 
and  power  :*’*  but  let  us  rather 

X “ Mufe 
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;f  Mufe  upon  his  fkill  difplayed  ; 

(Infinite  fkill}  in  all  that  he  has  made  ! 

To  trace  in  nature’s  mod;  minute  defign. 

The  fignature  and  damp  of  pow’r  divine ; 

Contrivance  intricate,  exprefs’d  with  eafe, 

Where  unalfilted  fight  no  beauty  fees  ; 

The  lhapely  limb,  and  lubricated  joint. 

Within  the  fmall  dimenfions  of  a point ; 

Mufcle  and  nerve  miraculoufiy  fpun, 

His  mighty  work,  who  fpeaks  and  it  is  done, 

Th’  invifible  in  things  fcarce  feen  reveal’d. 

To  whom  an  atom  is  an  ample  field. 

To  wonder  at  a thoufand  infeft  forms, 

Thefe  hatch’d,  and  thofe  refufcitated  worms. 

New  life  ordain’d,  and  brighter  fcenes  to  (hare, 

Once  prone  on  earth,  now  buoyant  upon  air.”* 

The  name  of  infeft  has  been  appropriated  to  thefe  fmall  ani- 
mals on  account  of  the  fe&ions  or  divifions  in  the  bodies  of  the 
greater  number  of  them,  from  whence  the  parts  feem  to  be 
joined  together  by  a kind  of  neck.  It  is  perhaps  impolfible  to 
find  any  general  term  that  fhall  embrace  the  whole  genera  of  in- 
fers, as  many  circumltances  mult  be  defcribed  before  we  can 
attain  an  exaft  notion  of  thefe  animals  and  their  conltitution. 

Infects  are  by  molt  writers  confidered  as  divided  into  four 
principal  parts  ; the  caput  or  head,  the  thorax  or  trunk,  the 
abdomen  or  belly,  and  artus  or  limbs : a perfeft  knowledge  of 
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thefe  parts,  and  their  feveral  fubdivifions,  is  requifite  for  thofe  * 
who  are  defirous  of  forming  accurate  ideas  of  thefe  little  animals, 
or  who  wilh  to  arrange  them  in  their  proper  dalles. 

The  head  is  affixed  to  the  thorax  by  a fpecies  of  articulation 
or  joint ; it  is  the  principal  feat  of  the  fenfes,  and  contains  the 
rudiments  of  the  brain;  * it  is  furnifhed  with  a mouth,  eyes,  an- 
tennae, a forehead,  a throat,  and  liemmata.  In  the  greater  part 
of  infefts  the  head  is  diftin£lly  divided  from  the  thorax,  but  in 
others  it  coalefces  with  it.  The  head  of  fome  infe&s  is  very 
large  in  proportion  to  their  bodies  ; the  proportion  between  the 
head  of  the  fame  infeft  is  not  always  the  fame  ; in  the  caterpillars 
with  horny  heads  it  is  generally  fmall  before  they  moult  or 
change  their  Ikin,  but  much  larger  after  each  moulting.  The 
hardnefs  of  the  exterior  part  of  the  head  prevents  it’s  growth 
before  the  change,  it  is  confequently,  relative  to  the  body,  very 
fmall  ; but  when  the  infeft  is  difpofing  itfelf  for  the  change,  the 
internal  fubltance  of  the  head  retires  inwards  to  the  firft  ring  of 
the  neck,  where  it  has  room  to  expand  itfelf ; ■ fo  that  when  the 
animal  quits  the  (kin,  we  are  furprifed  with  a head  twice  the  for- 
mer fize  : and  as  the  infeft  neither  e^ts  nor  grows  while  the  head 
is  forming,  there  is  this  further  circumftance  to  be  remarked, 
that  the  body  and  the  head  have  each  their  particular  time  of 
growth.  While  the  head  expands  and  grows,  the  body  does  not 
grow  at  all ; when  the  body  increafes,  the  head  remains  of  the 
fame  fize,  without  any  change.  The  heads  of  all  kinds  of  infefts 
form  very  pleafing  as  well  as  mod  diverfified  objefts  for  the 
opake  microfcope. 

X 2 > The 


* Fabric ius  Philofophia  Entomologica,  p.  18. 
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The  mouth  is  a part  of  the  infefl  to  which  the  naturalift 
will  find  it  nccellary  to  pay  a very  particular  attention : Fabri- 
cius  goes  fo  far  as  to  afi’ert,  that  without  a thorough  knowledge 
of  the  mouth,  it’s  form,  and  various  appendages,  it  will  be  im- 
polfible  ever  to  difcriminate  with  accuracy  one  infedi  from  an- 
other. In  the  ftrufiure  of  the  mouth  confiderable  art  and  wif- 
dom  is  difplayed : the  diverfity  in  the  figure  is  almoft  as  great 
as  the  variety  of  fpecies.  It  is  ufually  placed  in  the  fore  part  of 
the  head,  extending  fomewhat  downwards  ; in  the  chermes, 
coccus,  and  fome  other  infedls,  it  is  placed  under  the  breaft. 
Some  infedls  have  their  mouths  armed  with  firong  jaws,  with 
which  they  bruife  and  tear  their  food : however  fine  and  delicate 
thefe  organs  may  appear,  they  are  really  hard,  and  in  fome 
fpecies  fufficiently  firong  to  pierce  the  hardeft  wood.  Others  are 
furnifhed  with  a kind  of  tube  or  tongue,  at  one  time  moveable, 
at  another  fixed  : with  this  they  fuck  the  juices  of  the  flowers. 
In  fome  again  the  tongue  is  fo  fiiort  as  to  appear  to  us  incapable 
of  anfwering  the  purpofe  for  which  it  was  formed,  and  the  oeftri 
appear  to  have  no  mouth. 

The  roftrum,  or  probofcis,  is  the  mouth  drawn  out  to  a rigid 
point.  In  many  infefls  of  the  hemiptera  clafs  it  is  bent  down- 
ward towards  the  breaft  and  belly. 

The  jaws  are  generally  two  in  number,  fometimes  four,  and 
at  others  more ; they  are  placed  in  an  horizontal  direflion : the 
inner  edge,  in  fome  infers,  is  ferrated,  or  fiimifhed  with  fmall 
teeth. 

The  tongue  is  in  general  a taper  and  compact  inftrument,  ufed 
by  the  infeft  to  extrafl  the  alimentary  juices  on  which  it  feeds : 

fome 
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Tome  can  extend  or  contradf  it;  others  roil  up  their’s  with  dex- 
terity ; in  fome  it  is  inclofed  in  a {heath,  with  the  pointed  end  of 
which  they  pierce  the  fubftances  which  contain  their  food,  and 
then  extradl  the  juice  with  their  tongue  ; in  many  it  is  placed  in 
a groove  under  the  belly;  taper  and  fpiral  in  the  butterfly  ; tubu- 
lar and  flefhy  in  the  fly ; in  fome  it  is  long,  and  in  others  fhort, 
but  in  all  affording  a fund  of  amufement  for  the  microfcope. 

M.  De  Geer  * has  given  us  an  account  of  a very  curious  cir- 
cumftance  concerning  the  tongue  of  the  papillon  de  faules.  f Hav- 
ing cut  off  the  tongue  from  the  butterfly,  alrnofl  as  foon  as  it  was 
emancipated  from  the  chryfalis,  it  moved  and  rolled  itfelf  up  at 
intervals  for  a confiderable  time  : an  hour  after  it  had  been  cut 
olf,  it  repeated  the  fame  motions,  recommencing  them  every  time 
it  was  touched.  The  fume  effedl  does  not  follow  if  the  butterfly 
has  been  freed  from  the  chryfalis  a few  days. 

The  ftrudture  of  the  eye  is,  in  all  creatures,  amoft  admirable 
piece  of  mechanifm,  but  in  none  more  fo  than  in  thofe  of  infedis  : 
there  is  no  part  of  thefe  fmall  creatures  which  exhibits  more 
clearlv  the  prodigious  art  with  which  they  are  organized,  and 
{hews  how  many  wonders  efcape  the  natural  fight  of  man.  The 
eyes  are  very  different  in  different  fpecies,  varying  in  number, 
fituation,  connedfion,  figure,  and  fimplicity  of  conftrudlion.  The 
greater  part  have  two  eyes,  but  in  the  monoculu.s  they  approach 
fo  near  to  each  other  as  to  appear  like  one  ; the  gyrinus  has  four 
eyes,  the  fcorpion  fix,  the  fpider  eight,  and  the  fcolopendra  three. 

The 

* De  Geer,  Memoires  pour  fervir  a L’Hiftoire  des  Infedtes,  tom.  I.  p.  77, 

t Papilio  Antiopa,  Lin.  Syft.  Nat.  p.  776,  N°  165. 
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The  eyes  are  generally  convex ; they  have  no  eye-brows,  the 
outer  tunic  is  hard  and  tranfparent,  having  no  external  motion, 
the  genus  of  canceri  or  crabs  excepted.  The  eyes  of  the  greater 
number  appear,  when  examined  by  the  microfcope,  to  be  cut 
into  a multitude  of  little  planes  or  facets,  like  the  facets  of  a 
diamond,  having  to  the  naked  eye  the  appearance  of  net-work. 
Each  of  thefe  fmall  facets  is  fuppofed  to  poffefs  the  powers  and 
properties  of  an  eye.  Leeuenhoek  counted  3181  of  thefe  facets 
in  the  cornea  of  a beetle,  8000  in  thofe  of  a fly.  As  the  eyes  of 
infedts  are  immoveable,  they  would  have  loft  fight  of  many  ob- 
jedts,  if  their  eyes  had  been  framed  like  thofe  of  other  animals ; 
but  by  means  of  their  multiplied  eyes,  they  can  eafily  view  fur- 
rounding objedts  : nor  is  it  at  all  improbable,  that,  as  objedts  do 
not  appear  double  to  our  eyes,  but  that  they  are  ftrengthened, 
and  many  falle  appearances  are  corre&ed  by  the  ufe  of  both  ; fo 
the  numerous  inlets  to  fight  in  an  infedt  may  incrcafe  their  field 
of  view,  augment  the  intenfity  of  the  light,  and  be  produdtive  of 
other  advantages,  of  which  we  can  form  no  conception.  The 
eyes  of  infedts  differ  in  colour,  fome  being  found  of  every 
colour,  and  of  inexpreflible  beauty  and  brightnefs. 

The  antennae  are  fine  and  {lender  horns,  confiding  of 
feveral  articulations,  moveable  in  various  diredtions.  They  are 
beautiful  in  form,  of  a delicate  ftrudiure,  and  are  placed  in  the 
fore  part  of  the  head:  they  vary  in  different  infedts,  not  only  in 
their  fhape,  their  length,  their  bulk,  but  alfo  in  th^  number  of 
their  articulations.  The  antennae  of  the  male  infedt  generally 
differ  from  thofe  of  the  female  : they  form  one  of  the  moft  dif- 
tinguifhing  charadteiiflics  of  infedts,  and  one  of  the  means  of 
judging  to  what  genus  they  belong.  T he  greateft  number  of 
(5  infedts 
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infe&s  have  only  two  antennae ; the  onifcus,  the  pagurus,  and 
aftacus  have  four  ; indeed  Fabricius  gives  fix  to  the  latter.*  Of 
the  ufe  they  are  to  thefe  little  animals,  or  the  end  of  the  Creator 
in  forming  them,  we  are  altogether  ignorant : fome  writers  have 
conje&ured  that  they  were  the  organs  of  fmell  and  hearing ; others 
have  fuppofed  that,  they  were  appropriated  to  a feeling  more 
delicate  than  our  own,  and  fenfible  to  the  leaft  motion  or  dif- 
turbance  in  the  ambient  fluid  in  which  they  move : feveral  in- 
fers cover  their  eyes  with  them  when  they  take  their  reft.  They 
are  characterized  by  naturalifts  under  the  following  names : 

Setaceous  are  thofe  that,  like  a brittle,  grow  gradually  taper 
towards  their  point  or  extremity. 

Filiform,  thread  fhaped,  and  of  an  uniform  thicknefs. 

MonilifoRxM  ; thefe  are  of  a regular  thicknefs,  but  confift  of 
a feries  of  knobs,  like  a necklace  of  beads. 

Clavated,  formed  like  a club,  increafmg  gradually  from  the 
bafe  to  the  extremity. 

Capitated;  thefe  are  alfo  formed  like  a club,  but  the  laft 
articulation  is  larger  than  the  reft,  finifhing  with  a kind  of  capital 
or  head. 

Fissiles  ; thefe  are  like  the  former,  only  that  the  head  is  di- 
vided into  different  parts  or  laminse. 

Ferfoliat.c^ 


* Fabricius  Philofophia  Entomologica,  p. 
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Perfoliate  ; in  thefe  the  head  is  divided  horizontally,  but 
the  laminae  are  conne&ed  by  a kind  of  thread  palling  through 
their  center. 

Pectinate  ; thefe  have  feveral  lateral  appendages,  and  ap- 
pear like  a feather. 

Aristate,  fuch  as  have  a lateral  hair,  which  is  eidier  naked, 
or  furnilhed  with  fmaller  hairs. 

Befides  the  foregoing  terms,  the  antennae  are  called  fhort  {bre- 
w-ores) when  they  are  fhorter  than  the  body;  mediocres,  or 
middling,  when  they  are  of  the  fame  length ; and  longiores , 
when  they  are  longer. 

Near  the  mouth  there  is  alfo  a fpecies  of  fmall  filiform  ar- 
ticulated antennae,  called  the  palpi,  or  feelers;  they  are  gene- 
rally four  in  number,  fometimes  fix ; they  are  placed  under  and 
at  the  fides  of  the  mouth,  which  fituation,  together  with  their 
fize,  fufficientiy  diffinguifh  them  from  the  antennae ; they  are  in 
continual  motion,  the  animal  thrufting  them  in  every  matter,  as 
a hog  would  it’s  nofe,  when  in  fearch  of  food.  Some  have  fup- 
pofed  them  to  be  a kind  of  hand  to  affift  in  holding  the  food 
when  it  is  near  the  mouth. 

The  forehead  occupies  the  upper  part  of  the  head,  between 
the  eyes,  the  mouth,  and  the  thorax. 

The  stemmata,  or  crown,  three  elevated  brining  hemi- 
fpheric  fpots  refembling  eyes,  and  placed  upon  the  upper  part  of 
the  head,  as  in  mod  of  the  hymenoptera  clafs. 
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The  trunk  is  fituated  between  the  head  and  the  abdomen; 
the  legs  and  wings  are  inferted  into  it ; but  in  order  to  diftinguifh 
the  parts  thereof  moreeafily,  it  is  divided  into  the  thorax,  fcu- 
tellum,  and  fternum. 

The  thorax  is  the  upper  part  of  the  trunk;  it  is  of  various 
fhapes  and  proportions  ; the  fides  and  back  of  it  are  often  armed 
with  points. 

The  scutellum,  or  efcutcheon,  is  the  pofterior  part  of  the 
thorax,  and  is  generally  of  a triangular  form ; though  it  adheres 
to  the  thorax,  yet  it  is  eafily  diftinguifhed  from  it,  by  it’s  figure, 
it’s  ufe,  and  often  by  an  intervening  future ; it  appears  defigned 
to  affift  in  expanding  the  wings  when  the  infedt  is  going  to  fly. 

The  sternum  is  fituated  on  the  inferior  part  of  the  thorax  ; 
it  is  pointed  behind  in  fome  fpecies,  and  bifid  in  others. 

The  abdomen  contains  the  ftomach,  the  inteftines,  the  air 
veflels,  the  ©vary,  Sec,  it  is  affixed  to  the  thorax,  and  in  molt 
infedls  diftindt  from  it,  forming  the  pofterior  part  of  the  body, 
being  generally  compofed  of  rings  or  fegments,  by  which  the 
infedt  can  lengthen  or  fhorten  it,  or  even  move  it  in  different 
diredtions.  In  fome  fpecies  it  feems  to  be  formed  but  of  one 
piece.  The  upper  part  of  the  abdomen  is  called  the  tergum, 
the  under  part  the  venter ; the  anus  is  the  pofterior  part  of  the 
abdomen. 

The  spiracula  are  fmall  oblong  oval  holes  or  pores,  that 
are  placed  fingly,  one  on  each  fide  of  every  ring  of  the  abdo- 
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men  ; through  thefe  the  infefl  is  fuppofed  to  breathe  : this  fin- 
gular  circumdance  in  their  refpiration  forms  another  peculiar 
charafler  of  infers. 

The  limbs,  or  the  organs  ufed  by  the  infefl  for  moving  it’s 
body,  and  for  defending  itfelf,  are  the  tail,  the  fling,  the  feet,  the 
wings,  the  halteres  or  poifers. 

The  tail  terminates  the  abdomen,  and  is  conflrufled  in  a 
wonderful  manner  for  anfwering  the  purpofes  for  which  it  is 
formed,  namely,  to  dire£l  the  motion  of  the  infefl,  to  ferve  as 
an  inflrument  of  defence,  or  for  depofiting  the  eggs  ; the  figure 
and  hze  thereof  varying  in  each  genus  and  it’s  families.  In  fome 
it  is  fimple,  Jiviplex,  and  yet  capable  of  being  extended  or  drawn 
back  at  pleafure.  In  others,  elongata,  elongated.  Setaceous, 
fhaped  like  a bridle  ; trifeta,  with  three  appendages  like  bridles ; 
in  fome  it  is  forked,  furcata ; and  in  others  it  is  furnifhed  with  a 
pair  of  forceps,  forcipata  ; in  the  blatta  and  others  it  is  foliofa , 
or  like  a leaf.  In  the  fcorpion  and  panorpa  it  is  telifera,  fur- 
nifhed with  a ding.  Further  particulars  maybe  obtained  from 
the  Philofophia  Entomologica  of  Fabricius. 

Aculeus,  or  ding,  an  indrument  with  which  infefls  wound 
and  indil  a poifon ; the  ding  generally  proceeds  from  the  under 
part  of  the  lad  ring  of  the  belly  : in  fome  it  is  fharp  and  pointed, 
in  others  formed  like  a faw.  It  is  ufed  by  many  infefls  both  as 
an  offenfive  and  defenfive  weapon  ; by  others  it  is  only  ufed  to 
pierce  the  fubdances  where  they  mean  to  depodt  their  eggs. 
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Pedes,  the  feet.  Thefe  are  admirably  adapted  for 
their  intended  fervice,  to  give  the  moft  convenient  and  proper 
motion,  and  from  the  variety  in  their  conftruflion,  their  various 
articulations,  &c.  furnifh  the  microfcopic  obferver  with  a great 
many  curious  and  interefting  objefts  : the  moft  general  num- 
ber is  fix  ; fome  have  eight,  as  the  fpider  ; the  crab  has  ten ; the 
onifcus  fourteen ; the  julus  has  from  feventy  to  one  hundred  and 
twenty  on  each  fide.  The  legs  of  thofe  infers  that  have  not 
more  than  ten,  are  affixed  to  the  trunk  ; while  thofe  that  exceed 
that  number  have  part  fixed  to  the  trunk,  the  reft  to  the 
abdomen. 

The  legs  of  infe&s  are  generally  divided  into  four  parts.  The 
firft,  which  is  ufually  the  largeft,  is  called  the  femur ; the 
fecond,  or  tibia,  is  joined  to  the  former,  and  is  commonly  of  the 
fame  fize  throughout,  and  longer  than  the  femur ; this  is  fol- 
lowed by  the  third  part,  which  is  diftinguilhed  by  the  name  of 
tarfus,  or  foot ; it  is  compofed  of  feveral  joints,  the  one  arti- 
culated to  the  other,  the  number  of  the  rings  varying  in  different 
infers  : the  tarfus  is  terminated  by  the  unguis,  or  claw. 

The  writers  on  natural  hiftory,  in  order  to  render  their 
deferiptions  clear  and  accurate,  have  given  feveral  names  to  the 
legs  of  infefls,  from  the  nature  of  the  motions  produced  by 
them. 

Thus  curforii,  from  that  of  running ; thefe  are  the  moft 
numerous.  ' 

The  faltatorii , thofe  that  are  ufed  for  leaping. 
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The  natatorii,  thofe  that  ferve  as  oars  for  fwimming.  The 
thighs  of  the  faltatorii  are  remarkably  large,  by  which  means  they 
have  confiderably  more  ftrength  and  power  for  leaping.  The 
feet  of  the  natatorii  are  flat,  and  edged  with  hairs ; thus  have  a 
proper  furface  to  ftrike  againft  the  water,  as  in  the  dytifcus, 
notonecia,  &c. 

Such  feet  as  have  no  claws  are  termed  mutici.  The  chelae, 
or  claws,  are  an  enlargement  of  the  extremity  of  the  fore  feet, 
each  of  which  is  furnifhed  with  two  lelfer  claws,  which  a£l  like  a 
thumb  and  finger,  as  in  the  crab.. 

The  under  part  of  the  feet,  in  fome  infetls,  is  covered  with  a 
kind  of  brufh  or  fponge,  by  which  they  are  enabled  to.. walk  with 
eafe  on  the  mofl  polifhed  fubftances,  and  in  fituations  from  which 
it  would  feem  that  they  muff  neceffarily  fall. 

<{  They  tread  the  ceiling,  an  inverted  floor. 

And  from  it’s  precipice  depend  fecure.” 

Many  infefts  can  only  move  the  thigh  in  a vertical  dire&ion  ; 
while  others  can  move  it  in  various  dire&ions.  The-  progreffive 
motion  of  infefts,  and  the  various  methods  employed  to  effeft  it, 
will  be  found  a very  curious  and  important  fubjeff,  and  well 
worthy  the  attention  of  the  natural  hiftorian.  The  mechanic  will 
not  find  it  loft  labour  if  he  bellows  fome  time  on  the  fame  fub- 
je£l.  Very  little  has  been  done  on  this  head,  and  that  principally 
by  Mr.  de  Reaumur,  in  his  excellent  Memoires ; and  by  M. 
Weifs,  in  a memoir  publifhed  in  the  Journal  de  Phyfique  for 
1771.  The  reader  may  alfo  conduit  Borelli  de  Motu  Animalium. 

Motion 
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Motion  is  one  of  the  principal  phenomena  of  nature,  and  as  it 
were  the  foul  of  our  fyftem  ; and  is  as  admirable  in  the  fmalleft 
animal  as  in  the  univerfc  at  large.  It  may  not  be  amifs  juft  to 
notice  here,  that  there  are  fome  infefts  of  the  beetle  kind,  which 
contradift  an  aflertion  of  Borelli’s,  that  an  animal  puts  in  action 
each  foot  on  one  fide  before  it  moves  thofe  on  the  oppofite  fide ; 
whereas  thefe  employ  in  walking  the  two  moll  diftant  feet  on  the 
fame  fide,  and  the  middle  foot  on  the  oppofite  ; a method  which 
is  firm  and  natural. 

The  wings,  thofe  organs  by  which  the  infefl  is  enabled  to 
fly;  fome  have  only  two,  others  are  furnifhed  with  four,  two  on 
each  tide  ; thefe  are  in  fome  of  the  fame  fize,  in  others  the  fu- 
perior  ones  are  much  larger  than  the  inferior.  The  variety  in  the 
form  and  ftruclure  of  the  wings  is  almoft  infinite;  the  beauty  of 
their  colouring,  the  art  with  which  they  are  connefted  to  the 
body,  the  curious  manner  in  which  fome  are  folded  up,  the  fine 
articulations  provided  for  this  purpofe,  by  which  they  are  laid 
up-  in  their  cafes  when  out  of  ufe,  and  yet  ready  to  be  extended 
in  a moment  for  flight ; together  with  the  various  ramifications, 
by  which  the  nourifhing  juices  are  circulated,  and  the  wing 
ftrengthened,  afford  a fund  of  rational  inveftigation  highly  en- 
tertaining, exhibiting,  particularly  when  examined  by  the  micro- 
fcope,  a moft  wonderful  difplay  of  divine  wifdom  and  power. 
The  more  delicate  and  tranfparent  wings  are  covered  and  pro- 
tected by  elytra,  or  cafes,  which  are  generally  hard  and  opake, 
often  highly  polifhed,  adorned  with  ornamental  flutings,  and 
ftudded  with  brilliants.  The  wings  of  moths  and  butterflies  are 
moflly  farinaceous,  covered  with  a fine  duft,  that  occafions  thofe 
beautiful  colours  with  which  they  are  fo  elegantly  painted  ; for 

ftripped 


182 


Microscopical  Essays. 


dripped  of  thefe,  the  wing  is  tranfparent  and  colourlefs.  By  the 
abidance  of  the  microfcope,  we  difcover  that  this  duft  is  a regu- 
lar alfemblage  of  organized  fcales,  which  will  be  more  particu- 
larly defcribed  hereafter.  A few  of  thefe,  as  feen  in  the  micro- 
fcope, are  exhibited  in  Plate  16,  Fig.  F E H I. 

The  following  names  are  made  life  of  to  defcribe  the  different 
kinds  of  wings.  They  are  firft  diftinguifhed,  with  refpeft  to  their 
furfaces,  into  superior  and  inferior.  The  part  next  the  head 
is  called  the  anterior  part,  that  neared  the  tail  the  poste- 
rior part.  The  interior  part  is  that  next  the  abdomen  ; the 
exterior  part  is  the  outermoft  edge. 

Thofe  wings  are  termed  plicatiles,  which  are  folded  when 
the  infeft  is  at  red,  as  in  the  wafp. 

Plante,  thofe  which  are  incapable  of  being  folded. 

Erects,  whofe  fuperior  furfaces  are  brought  in  contaft  when 
the  infeft  is  at  reft,  as  in  the  ephemera,  papiliones,  &c. 

Patentes,  if  they  are  extended  horizontally  when  the  infeft 
is  at  reft,  as  in  the  phalaenae  geometrae. 

Incumbentes,  thofe  infefts  which,  when  they  are  not  in  mo- 
tion, cover  horizontally  with  their  wings  the  fuperior  part  of  the 
abdomen. 

Deflex 2E  ; thefe  are  alfo  incumbentes,  but  not  horizontally, 

the  outer  edges  declining  towards  the  fides. 

6 Reverse, 
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Reverse  are  alfo  deflexse,  with  this  addition,  that  the  edges 
of  the  inferior  wing  projed  from  under  the  anterior  part  of  the 
fuperior  one. 

Dentate,  with  fcohoped  edges. 

Caudata;  in  thefe  fome  of  the  fibres  of  the  wing  are  ex- 
tended beyond  the  margin  into  a kind  of  tail. 

Reticulata,  when  the  veins  or  membranes  of  the  wings  put 
on  the  appearance  of  net-work. 

The  wings  are  further  diftinguifhed  by  their  ornaments  being 
painted  with  fpots  (: maculae ),  bands  (fafcice ),  breaks  (Jirigce ) : 
when  thefe  are  extended  lengthways,  they  are  called  lines  ( lince ) ; 
and  if  with  dots,  punttce ; one  or  more  rings  are  termed  eyes, 
ocellus ; if  the  fpots  are  (haped  like  a kidney,  they  are  termed 
ftigmata. 

The  elytra,  or  cruftaceous  cafes  of  the  wings,  are  extended 
when  the  infed  flies,  and  (hut  when  it  refts,  forming  a longi- 
tudinal future  down  the  middle  of  the  back ; they  are  of  various 
fhapes,  and  afe  diltinguifhed  by  the  following  names  : 

Ab  re  vi  at  a,  when  they  are  (horter  than  the  abdomen. 

Truncata,  when  the  extremity  terminates  in  a tranfverfe 
dired  line. 


Serrata, 
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Serrata,  having  the  external  margin  edged  with  teeth  or 
notches. 

Spinosa,  when  the  exterior  furface  is  covered  with  {mail  (harp 
points. 

Scabra,  when  it  is  very  rough. 

Striata,  marked  with  (lender  longitudinal  furrows. 

Porcati,  having  (harp  longitudinal  ridges. 

Sulcati,  with  deep  furrows. 

Hem  elytra,  when  the  cafes  are  neither  fo  hard  as  the  elytra, 
nor  fo  delicate  as  the  tranfparent  wing. 

Under  the  wings  of  molt  infedls,  which  have  only  two,  there 
is  a fmall  head  placed  on  a (talk,  frequently  under  a little 
arched  fcale  ; thefe  are  called  halteres,  poifers ; they  appear  to 
be  rudiments  of  the  hinder  wings : it  has  been  fuppofed  that  they 
ferve  to  keep  the  body  in  equilibrio  when  the  infedt  is  flying. 

The  bodies  of  infedls  are  covered  with  a hard  {kin,  which  an- 
fwers  the  purpofe  of  an  internal  {keleton,  and  is  one  of  the  dif- 
tinguifhing  characters  of  an  infedl.  All  quadrupedes,  birds,  and 
flflies,  have  an  internal  (keleton  of  bones  to  which  the  mufcles 
are  fixed ; but  the  whole  interior  body  of  an  infedl  is  compofed 
of  foft  flelh,  and  the  mufcles  are  affixed  to  the  exterior  (keleton 
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or  fkin,  which  in  thefe  anfwer  the  purpofe  of  bones.  The  [kin 
ferves  as  a continent  to  the  whole  infeft,  covering  the  body,  con- 
nefting  the  parts,  and  maintaining  them  in  their  proper  places. 
This  external  covering  is  very  ftrong  in  thofe  infefts,  which,  by 
the  nature  of  their  life,  are  expofed  to  ftrong  fri&ion,  or  violent 
compreffion  ; but  is  more  tender  and  delicate  in  thofe  which  are 
not  fo  expofed.  The  (kin  of  infefts,  like  that  of  larger  animals, 
is  porous ; the  pores  in  fome  fpecies  are  very  large.  Many 
infefts  often  change  or  call  off  their  fkin ; this  exuvia  forms  an 
excellent  objeft  for  the  microfcope. 

Another  diftinguifhing  criterion  of  infefts  is  the  colour  of  their 
blood,  which  is  never  red ; this,  at  firft  fight,  feems  liable  to 
fome  objeftions,  on  account  of  the  drop  of  red  liquor  which  is 
often  procured  from  fmall  infefts  when  fqueezed  or  prefled  to 
pieces.  It  does  not  appear,  however,  that  this  is  the  blood  of 
the  little  animal ; when  it  exifted  as  a worm  there  was  no  fuch 
appearance,  and  when  they  exift  as  a fly  it  is  only  found  in  the 
eye,  and  not  in  the  body,  which  would  be  the  cafe  if  it  circulated 
in  the  veins  of  the  infects.  It  is  probable  there  is  a circulation  of 
fome  fluid  analagous  to  the  blood  in  mofl  infers : with  the 
affiftance  of  the  microfcope  this  circulation  may  be  perceived  in 
many ; but  the  circulating  liquor  is  not  red. 

To  thefe  difcriminating  charafteriftics  we  may  alfo  add  the  fol- 
lowing particulars  : 1.  That  the  body  of  infefts  is  divided  by 
incifurae,  or  tranfverfal  divifions,  from  whence  they  take  their 
name. 
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2.  That  they  are  furnifhed  with  antennae,  which  are  placed 
upon  the  fore  part  of  the  head;  thefe  are  jointed,  and  moveable 
in  various  dire&ions. 

3.  That  no  infeft  in  it’s  perfeft  date,  or  after  it  has  gone 
through  all  it's  transformation,  has  lefs  than  fix  legs,  though 
many  have  more.  There  are  fome  moths,  whofe  two  fore  feet 
are  fo  fmall  as  fcarcely  to  deferve  that  name.  A proper  atten- 
tion  to  the  nature  and  number  of  the  feet  of  infefts  would  tend 
to  fix  their  real  rank  in  that  fcale  of  animated  nature,  which  is 
handed  down  to  us  in  the  facred  fcriptures  ; a fcale  which,  from 
the  lively  reprefentations  it  holds  forth,  as  well  as  their  moral 
applications  to  the  purpofes  of  life,  and  the  fource  from  whence 
it  is  derived,  fhews  that  it  is  replete  with  the  mod  important 
information. 

4.  That  infefts  have  neither  the  organs  of  fmell  nor  hearing; 
at  lead  they  have  not  as  yet  been  difcovered,  though  it  is  reported 
that  Fabricius  has  lately  found  and  defcribed  the  organs  of  hear- 

<■  ing  in  the  lobffer. 

5.  That  they  do  not  refpire  air  by  the  mouth,  but  that  they 
infpire  and  exhale  it,  by  means  of  organs  which  are  placed  on 
the  body. 

6.  That  they  move  the  jaws  from  right  to  left,  not  up  and 
down. 

7.  That  they  have  neither  eye-lid  nor  pupil. 
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- To  thefe  we  may  alfo  add,  that  the  mechanifm  refulting  from 
the  life  of  infeCts  is  not  of  fo  compound  a nature  as  in  animals 
of  a larger  fize.  They  have  Iefs  variety  of  organs,  though  fome 
of  the  organs  are  more  multiplied  ; and  it  is  by  the  number  and 
lituation  of  thefe  that  their  rank  in  the  great  fcale  of  beings  is  to 
be  determined. 

Thefe  characters  are  often  united  in  the  fame  infect ; there  are, 
however,  fome  fpecies  in  which  one  or  two  of  them  are  wanting. 

Every  microfcopic  obferver,  who  wifhes  to  avail  himfelf  of  the 
difcoveries  of  other  writers,  or  to  communicate  intelligibly 
his  own,  will  find  it  neceffary  to  make  himfelf  maffer  of  the 
various  claffes,  genera,  &c.  into  which  infeCts  have  been 
divided  by  Linn/eus.  All  fyftems  have  their  defeCts,  and  it  is 
highly  probable  that  this  may  be  the  cafe  with  that  of  the 
celebrated  Linnaeus  : but  the  purpofe  of  fcience  is  anfwered  by 
ufing  thofe  difcriminations  which  are  generally  adopted. 

The  following  general  idea  of  the  Linnaean  claffes  may  ferve  as 
a foundation  for  this  knowledge  : a fuller  account  may  be  ob- 
tained by  confulting  the  under-mentioned  works. 

Inflitutions  of  Entomology,  a tranflation  of  Linnaeus’s  Ordines 
et  Genera  InfeCtorum,  or  Syftematic  Arrangement  of  InfeCts,  Sec. 
by  Thomas  Pattifon  Yeats. 

Fundamenta  Entomologica,  or  an  Introduction  to  the  Know- 
ledge of  InfeCts,  tranflated  from  Linnaeus  by  W.  Curtis,  author 
of  the  Flora  Londinenfis,  Botanical  Magazine,  Sec. 
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The  Genera  Infe&orum  of  Linnaeus,  exemplified  by  various 
Specimens  of  Englifli  Infers,  drawn  from  Nature,  by  James 
Barbut. 

Clafs  the  firft.  Coleoptra.  The  infefts  of  this  clafs  have 
four  wings ; the  upper  ones,  called  the  elytra,  are  crufiaceous, 
formed  of  a hard  bony  fubftance,  which,  when  fhut,  form  a 
longitudinal  future  down  the  back,  as  in  the  fcarabaeus,  melolon- 
tha,  or  cockchaffer,  &c.  &c. 

2.  Hemiptera.  Thefe  have  alfo  four  wings ; but  the  elytra 
are  different,  being  half  crufiaceous,  half  membranaceous  : the 
wings  do  not  form  a longitudinal  future,  but  extend  the  one  over 
the  other,  as  in  the  gryllus,  grafshopper,  Sec. 

3.  Lepidoptera.  Thofe  which  have  four  membranaceous 
wings  covered  with  fine  feales,  as  the  butterflies  and  moths. 

4.  Neuroptera.  Thefe  have  four  membranaceous  tranf- 
parent  wings,  which  are  generally  reticulated,  as  in  the  libellula* 
or  dragon  flies. 

5.  Hymenoptera.  Thefe,  like  the  preceding  clafs,  have 
four  membranaceous  wings ; but  the  abdomen  is  furnifhed  with  a 
fling,  as  in  the  bees,  wafps,  &c. 

6.  Djptera.  Thefe  have  only  two  wings,  as  common  houfe 

flies,  gnats,  Sec. 


7.  Ap’ 
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7.  Aptera.  Thefe  have  no  wings,  as  fpiders,  lice,  acari, 
&c. 


Of  the  Transformation  of  Insects. 

Infe6ls  are  further  diftinguilhed  from  other  animals  by  the 
wonderful  changes  that  all,  except  thofe  of  the  aptera  clafs,  pals 
through.  Moll  animals  retain,  during  their  whole  life,  the  lame 
form  which  they  receive  at  their  birth ; but  infers  go  through 
wonderful  exterior  and  interior  changes,  infomuch  that  the  fame 
individual,  at  it’s  birth  and  middle  Hate,  differs  elfentially  from 
that  under  which  it  appears  when  arrived  at  a Hate  of  maturity  ; 
and  this  difference  is  not  confined  to  marks,  colour,  or  texture, 
but  is  extended  to  their  form,  proportion,  motion,  organs,  and 
habits  of  life. 

The  ancient  writers  on  natural  hiltory  were  not  unacquainted 
with  thefe  transformations,  but  the  ideas  they  entertained  of 
them  were  very  imperfeft,  and  often  erroneous.  It  was  not  till 
towards  the  latter  end  of  the  laft  century  that  any  juft  conception 
of  this  fubjeft  was  formed,  and  the  myftery  was  then  unveiled  by 
thofe  two  great  anatomifts  Malphigi  and  Swammerdam,  who 
obferved  thefe  infefls  under  every  appearance,  and  by  differing 
them  at  the  time  juft  preceding  their  changes,  were  enabled  to 
prove  that  the  moth  and  butterfly  grow  and  ftrengthen  them- 
felves,  and  that  their  members  are  formed  and  unfolded,  under 
the  figure  of  the  infefl  we  call  a caterpillar  ; and  they  alfo  fhewed, 
that  it  is  not  difficult  to  exhibit  in  thefe  all  the  parts  of  the  future 
moth,  as  it’s  wings,  legs,  antennae,  &c.  and  confequently  that 
the  changes  which  are  apparently  fudden  to  our  eyes,  are  gra- 
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dually  formed  under  the  {kin  of  the  animal,  and  only  appear 
fudden  to  us,  becaufe  the  infeft  then  gets  rid  of  a cafe  which  had 
before  concealed  his  real  members.  Thefe  transformations 
clearly  prove,  that  without  repeated  experience  every  thing  in 
nature  would  appear  a myftery  : for  who,  on  conndering  by  the 
mere  light  of  nature  or  reafon  a gnat  or  butterfly  in  their  fly  or 
perfect  date,  could  have  difcovered  the  relation  which  in  this 
hate  and  form  it  bears  to  the  feveral  changes  of  ftate,  and  their 
correfponding  forms,  through  which  it  has  palled,'"  and  which  are 
to  appearance  as  diftinft  as  difference  can  make  them. 

The  life  of  thofe  infe&s  which  pafs  through  thefe  various 
changes,  may  be  divided  into  four  principal  parts,  each  of  which 
will  be  found  truly  worthy  of  all  the  attention  of  the  microfcopic 
obferver. 

The  firff  change  is  from  the  egg  into  the  larva  ; or,  as  it  is 
more  generally  called,  into  the  worm  or  caterpillar. 

Erom  the  larva  it  pafles  into  the  pupa,  or  chryfalis  ftate. 

\ 

From  the  pupa  into  the  imago  or  fly  ftate. 

Few  fubje&s  can  be  found  that  are  more  expreffive  of  the  ex- 
ten  five  goodnefs  of  Divine  Providence,  than  thefe  transformations, 
in  which  we  find  the  occaftonal  and  temporary  parts  and  organs 

of 


* All  is  phenomenon,  and  type  on  earth, 

Replete  with  fatjred  and  myfterious  birth. 

Brooke’s  Uuiverfal  Beauty,  b.  v. 


Microscopical  Essays. 


39* 

• of  thefe  little  animals  fuited  and  adapted  with  the  mod  minute 
exa£tnefs  to  the  immediate  manner  and  convenience  of  their  ex- 
iftence ; which  again  are  fififted  and  changed,  upon  the  infe&s 
commencing  a new  fcene  and  hate  of  aftion . 


In  it’s  larva  hate  the  infect  appears  groveling,  heavy,  and  vo- 
racious, in  the  form  of  a worm,  with  a long  body,  coinpofed  of 
fuccefhve  rings;  crawling  along  by  the  abidance  of  thefe,  or 
frnall  little  hooks,  which  are  placed  on  the  fide  of  the  body.  It’s 
head  is  armed  with  ftrongjaws,  it’s  eyes  fmooth,  entirely  deprived 
of  fex,  the  blood  circulating  from  the  hind  part  towards  the 
head.  It  breathes  through  fmall  apertures,  which  are  fituated  on 
each  fide  of  the  body,  or  through  one  or  more  tubes  placed  in  the 
hinder  part  thereof.  While  it  is  in  the  larva  date,  the  infeft  is  as 
it  were  mafked,  and  it’s  true  appearance  concealed ; for  under 
this  malk  the  more  perfeft  form  is  hidden  from  the  human  eye. 

In  the  pupa  date  the  infeft  may  be  compared  to  a child  in 
fwaddling  clothes  ; it’s  members  are  all  folded  together  under  the 
bread,  and  inclofed  within  one  or  more  coverings,  remaining 
there  without  motion.  While  in  this  date,  no  infeft  but  thole 
of  the  hemiptera  clafs  take  any  nourifhment.  This  change  is 
effected  various  ways  ; in  fome  infefts  the  fkin  of  the  larva  opens, 
and  leaves  a palfage,  with  all  it’s  integuments ; in  others,  the 
fkin  hardens  and  becomes  a fpecies  of  cone,  which  entirely  con- 
ceals the  infefts ; others  form  or  fpin  cones  for  themfelves,  and 
in  this  date  they  remain  till  the  parts  have  acquired  fufhcient 
firmnefs,  and  are  ready  to  perform  their  feveral  offices.. 

The 
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The  infefl  then  cafts  off  the  fpoils  of  it’s  former  ftate,  and 
appears  in  it’s  imago  or  perfedl  form ; for  it  has  now  attained  the 
ftate  of  organical  perfefiion,  which  anfwers  to  the  rank  it  is  to 
hold  in  the  corporeal  world.  They  are  now  furnifhed  with 
wings,  magnificently  adorned ; foar  above  and  defpife  their 
former  purfuits,  wing  the  foft  air,  chufe  their  mates,  and  tranf- 
mit  their  nature  to  a fucceeding  race.  Their  members,  which  in 
the  preceding  ftate  were  wrapped  up,  foft,  and  motionlefs,  now 
difplay  themfelves,  grow  ftrong,  and  are  put  in  exercife.  The 
interior  changes  are  as  confiderable  as  thofe  of  the  exterior  form, 
and  that  in  proportion  as  the  firft  ftate  differs  from  the  laft ; fome 
organs  acquire  greater  ftrength  and  firmnefs,  others  are  rendered 
more  delicate,  fome  are  fuppreffed,  and  fome  unfolded,  which 
did  not  feem  to  exift  in  the  former  ftages  of  it’s  life. 

“ Who  that  beholds  the  fummer  s glift’ning  fwarms, 

Ten  thoufand  thoufand  gaily  gilded  forms. 

In  volant  dance  of  mix’d  rotation  play, 

Bafk  in  the  beam,  and  beautify  the  day  ; 

Who’d  think  thefe  airy  wantons  fo  adorn. 

Were  late  his  vile  antipathy  and  fcorn  ; 

Prone  to  the  duft,  or  reptile  thro’  the  mire. 

And  ever  thence  unlikely  to  afpire  ? 

Or  who,  with  tranfient  view  beholding,  loaths 
Thofe  crawling  fe6ls,  whom  vileft  femblance  cloahs  I 
Who  with  corruption  hold  their  kindred  ftate. 

As  by  contempt,  or  negligence  of  fate ; 

Could  think  that  fuch,  revers’d  by  wondrous  doom, 
Sublimer  pow'rs  and  brighter  forms  affume  ; 
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From  death  their  future  happier  life  derive. 
And,  tho’  apparently  entomb’d,  revive* 
Chang’d,  thro’  amazing  tranfmigration,  rife, 
And  wing  the  regions  of  unwonted  Ikies.”* 


Of  the  Larva  State. 

As  the  larvae  (caterpillars)  of  the  moth  and  butterfly  + form  the 
mod  numerous  family  among  the  tribe  of  infers,  and  have  been 
more  particularly  obferved  than  any  other  kind,  perhaps  on  ac- 
count of  the  ufefulnefs  of  one  of  their  number,  and  are  therefore 
bed  known,  we  (hall  fird  defcribe  them,  and  their  various 
changes  from  this  date  to  their  lad  and  perfeft  form,  and  then 
proceed  to  thofe  infers  which  differ  mod  from  the  caterpillar  in 
one  or  all  of  their  various  changes. 

The  greater  part  of  thofe  infefls  which  come  forth  in 
fpring  or  fummer  perifh  or  difappear  at  the  approach  of 
winter;  there  are  very  few,  the  period  of  whofe  life  exceeds 
that  of  a year;  fome  furvive  the  rigours  of  winter,  being 
concealed  and  buried  under  ground ; many  are  hid  in  the 
bark  of  trees,  and  others  in  the  chinks  of  old  walls ; fome,  like 

A a the 


* Brooke’s  Univerfal  Beauty. 

+ The  butterflies  are  diflinguifhed  from  the  moth  by  the  time  of  their  flying  abroad, 
and  by  their  antennae  ; the  butterflies  appear  by  day,  their  antennae  are  generally 
terminated  by  a little  knob  ; the  moths  fly  moftly  in  the  evening,  and  their  antenna; 
are  either  fetaceous  or  pectinated. 
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the  caterpillar  of  the  brown-tailed  moth,*  which  was  fo  uncom- 
monly numerous  and  deflru&ive  near  London,  in  the  year  1782, 
at  the  approach  of  winter  not  only  fecure  and  ftrengthen  the  web 
in  which  the  fociety  inhabit,  and  thus  protet  themfel.ves.  from- 
impertinent  intruders,  but  each  individual  alfo  fpins  a cafe  for  it- 
felf,  where  it  refls  in  torpid  fecurity,  notwithflanding  the  in- 
clemency of  the  feafon,  till*  the  fpring  animates  it  afrefh,  and" 
informs,  them  that  the  all-bountiful  Author  of  nature  has  provided 
food  convenient  for  them.  Many  that  are  hatched  in  the  autumn 
retire  and  live  under  the  earth  during  the  winter  months,  but  in 
the  fpring  come  out,  feed,  and  proceed  onward  to  their  feveral 
changes ; while  no  fmall  part  pafs  the  colder  months  in  their 
chryfalis,  or  pupa  flate  : but  the  greater  number  of  the  caterpillar 
race  remain  in  the  egg,  being  carefully  depofited  by  the  parent 
fly  in  tnofe  places  where  they  will  be  hatched  with  the  greatefl 
fafety  and  fuccefs ; in  this  flate  the  latent  principle  of  life  is  pre- 
ferved  till  the  genial  influences  of  the  fpring  call  it  into  ation,, 
and  bring  forth  the  young  infet  to  (hare  the  banquet,  that  nature 
has  provided  ; then  wherever  we  turn,  or  wherever  we  move,  we 
find  this  infet  in  one  fhape  or  another. 

“ When  firfl  breaks  forth  the  bright  enliv’ning  ray  ; 
*********  ** 

• The  gay,  the  quick’ning  infefts  rife. 

And  gilded  fquadrons  flrike  our  wond’ring  eyes  ; 

Mufic  flies  wanton  from  ten  thoufand  wings, 

And  life  and  joy  through  ev'ry  region  rings.'’ — + 

Alt 

* Curtis’s  fhort  hiflory  of  the  brown-tailed  moth, 
t Brooke’s  Univerfal  Beauty, 
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All  caterpillars  are  hatched  from  the  egg,  and  when  they  firft 
proceed  from  it  are  generally  fmall  and  feeble,  but  grow  in 
ftrength  as  they  increafe  in  fize.  The  body  of  the  caterpillar  is 
divided  into  twelve  rings ; the  head  is  connefled  with  the  firft, 
and  is  hard  and  cruftaceous.  No  caterpillar  of  the  moth  or  but- 
terfly has  Iefs  than  eight,  or  more  than  fixteen  feet ; thofe  which 
have  more  than  fixteen  are  not  the  larva  of  the  moth  or  butterfly  ; 
the  fix  firft  feet  are  cruftaceous,  pointed,  and  fixed  to  the  three 
firft  rings  of  the  body ; thefe  feet  are  the  covering  to  the  fix 
future  feet  of  the  moth ; the  other  fix  feet  are  foft  and  flexible, 
or  membranaceous  ; they  vary  both  in  figure  and  number,  and  are 
proper  only  to  the  larva  ftate : with  refpeft  to  their  external 
figure,  they  are  either  fmooth  or  hairy,  foft  to  the  touch,  or  hard 
like  fhagreen,  beautifully  adorned  with  a great  variety  of  the 
moft  lively  tints ; on  each  fide  of  the  body  nine  little  oval  holes 
are  placed,  which  are  generally  confidered  as  the  organs  of 
refpiration.  There  are  on  each  fide  of  the  head  of  the  caterpillar 
five  or  fix  little  black  fpots,  which  are  fuppofed  to  be  it’s  eyes. 
Thefe  creatures  vary  in  fize,  from  half  an  inch  long  to  four 
and  five  inches. 

The  caterpillar,  whofe  life  is  one  continued  fucceflion  of 
changes,  often  moults  it’s  {kin  before  it  attains  it’s  full  growth. 
Thefe  changes  are  the  more  Angular,  becaufe  when  the  cater- 
pillar moults,  it  is  not  Amply  the  fki-n  that  is  changed ; for  we 
find  in  the  exuvia  the  fkull,  the  jaws,  and  all  the  exterior  parts, 
both  fcaly  and  membranaceous,  which  compofe  it  s upper  and 
under  lip,  it’s  antennae,  palpi,  and  even  thofe  cruftaceous  pieces 
within  the  head,  which  ferve  as  a fixed  bafts  to  a number  of 
mufcles  j we  further  find  in  the  exuvia,  the  fpiracula,  the  claws, 
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and  {heaths  of  the  anterior  limbs,  and  in  general  all  that  is  vifible 
of  the  caterpillar. 

The  new  organs  were  under  the  old  ones  as  in  a (heath,  fo 
that  the  caterpillar  effefts  the  changes  by  withdrawing  itfelf  from 
the  old  (kin,  when  it  finds  itfelf  lodged  in  too  narrow  a compafs. 
But  to  effect  this  change,  to  pufh  off  the  old  covering,  and  bring 
forwards  the  new,  is  a work  of  labour  and  time.  Thofe  cater- 
pillars who  live  in  fociety,  and  have  a kind  of  neft  or  habitation, 
retire  there  to  change  their  (kin,  fixing  the  hooks  of  the  feet, 
during  the  operation,  firmly  in  the  web  of  their  nefi.  Some  of 
the  folitary  fpecies  fpin  at  this  time  a (lender  web,  to  which  they 
affix  themfelves.  A day  or  two  before  the  critical  moment  ap- 
proaches, the  infeft  ceafes  to  eat,  and  lofes  it’s  ufual  activity  ; 
in  proportion  as  the  time  of  change  approaches,  the  colour  of  the 
caterpillar  becomes  more  feeble,  the  (kin  hardens  and  withers, 
and  is  foon  incapable  of  receiving  thofe  juices  by  which  it 
was  heretofore  nourifhed  and  fupported.  The  infeft  may  now 
be  feen,  at  aidant  intervals,  to  elevate  it’s  back,  and  ftretch  itfelf 
to  it's  utmoft  extent ; fometimes  to  lift  up  the  head,  move  it  a 
little  from  fide  to  fide,  and  then  let  it  fall  again  ; near  the  change, 
the  fecond  and  third  rings  are  feen  to  fwell  considerably  ; by  thefe 
internal  efforts  the  old  parts  are  ftretched  and  difiended  as  much 
as  poffible,  an  operation  which  is  attended  with  much  difficulty, 
as  the  new  parts  are  all  weak  and  tender.  However,  by  repeated 
exertions,  all  the  veffels  which  conveyed  the  nouriffiment  to  the 
exterior  (kin  are  difengaged,  and  ceafe  to  aft,  and  a flit  is  made 
on  the  back,  generally  beginning  at  the  fecond  or  third  ring  ; the 
• new  fkin  may  now  be  juft  perceived,  being  diftinguiffied  by  the 
irefhnels  and  brightnefs  of  it’s  colour;  the  caterpillar  then  preftes 
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the  body  like  a wedge  into  this  flit,  by  which  means  it  is  Toon 
opened  from  the  firft  down  to  the  fourth  ring  ; this  renders  it  large 
enough  for  the  infeft  to  pafs  through,  which  it  foon  effefis  in  a 
very  curious  manner.  The  caterpillar  generally  fads  a whole 
day  after  each  mouhing,  for  it  is  neceffary  that  the  parts  fhould 
acquire  a certain  degree  of  confiftency,  before  it  can  live  and  aft 
in  it’s  ufual  manner  ; many  alfo  perifh  under  the  operation. 

The  infect  always  appears  much  larger  after  it  has  quitted  the 
exuvia  ; the  body  had  grown  under  the  old  (kin,  till  it  was  be- 
come too  large  for  it : now  as  the  growth  was  gradual,  and  the 
parts  foft,  the  Ikin  prefled  them  together,  fo  that  they  lay  in  a 
linall  fpace ; but  as  foon  as  the  Ikin  is  call;  off,  they  are  as  it 
were  liberated  from  their  bonds,  and  diftend  themfelves  con- 
liderably.  Some  caterpillars,  in  changing  their  Ikin,  from  fmooth 
become  covered  with  fine  hair  ; while  others,  that  were  covered 
with  this  fine  hair,  have  the  lafi:  fkin  fmooth.* 

Of  the  Pupa. 

Before  we  defcribe  the  change  of  the  larva  into  the  pupa  fiate, 
it  will  be  neceffary  to  give  the  reader  an  account  of  thofe  names 
by  which  naturalifts  diftinguifli  the  different  appearances  of  infects 
in  the  pupa  ftate. 

It  is  called  coarctata,  when  it  is  flraitened  or  confined  to 
a cafe  of  a globular  form,  which  has  no  refemblance  to  the  infect 

it  contains. 

It 

* Valmont  de  Bomare  Didlionnaire  Univerfel  d’Hiftoire  Naturelle,  vo3.  ii., 
id  edit.  1 21110.  p.  394. 
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It  is  called  obtecta,  difguifed  or  fhrowded,  when  the  infect  is 
enveloped  in  a cruftaceous  covering,  confiding  of  two  parts,  one 
of  which  furrounds  the  head  and  thorax,  the  other  the  abdomen. 

It  is  termed  incompleta,  when  the  pupa  has  perceptible 
wings  and  feet,  but  cannot  move  them. 

Semicompleta  ; thefe  can  walk  or  run,  but  have  only  the 
rudiments  of  wings.  The  difference  between  the  pupa  and  the 
larva  of  this  clafs  is  very  inconfiderable,  as  they  eat,  walk,  and 
aft,  juft  as  they  did  in  their  primitive  ftate  ; the  only  remarkable 
difference  is  a kind  of  cafe,  which  contains  the  wings  that  are  to 
be  developed  in  their  fly  ftate. 

Completa;  thofe  defigned  by  this  name  take  their  perfeft 
form  at  their  birth,  and  do  not  pafs,  like  other  infefts,  through 
a variety  of  ftates,  though  they  often  change  their  (kin. 

It  is  a general  rule,  that  all  winged  infefts  pafs  through  the 
larva  and  pupa  ftate  before  they  affume  their  perfeft  form  : there 
are  alfo  infefts  which  have  no  wings,  and  yet  undergo  fimilar 
transformation,  as  the  bed  bug,  the  flea,  See.  Other  infefts, 

0. 

which  have  no  wings,  and  which  always  remain  without  them, 
never  pafs  through  the  pupa  ftate,  but  are  fubjeft  to  confiderable 
changes.,  as  well  with  refpeft  to  the  number  as  the  figure  of  their 
parts ; thus  mites  have  four  pair  of  feet,  and  two  fmaller  ones  at 
the  fore  part  of  the  body,  near  the  head  ; yet  fome  of  thefe  are 
born  with  only  three  pair  of  feet,  the  fourth  is  not  perceived  till 
fome  time  after  their  birth.*  The  figure  of  the  monoculus 

quadri- 

* De  Geer  Memoires  pour  fervir  a 1’Hiftoire  des  Infe&es,  tom.  1.  p.  154. 
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quadricornis  of  Linnaeus  (Fauna  Suecica,  edit.  Stockholm,  1761, 
No.  2049)  changes  confiderably  after  it’s  birth.*  The  julus  is 
an  infeft  with  a great  number  of  feet,  fome  fpecies  having  an 
hundred  pair  and  upwards.  M.  De  Geer  has  given  a defeription 
of  one  with  more  than  two  hundred  pair, ft  and  yet  thefe  at  their 
birth  have  only,  three  pair,  the  reft,  are  not  perceived  till  fome 
time  after.. 

We  {half  now  return  to  the  caterpillar,  and  take  notice  of  the 
care  and  provifion  it  makes  to  pafs  from  the  larva  ftate  into  that 
of  the  pupa,  or  chryfalis  ; which  is,  in  general,  a ftate  of  imper- 
feftion,  inactivity,  and  weaknefs,  through  which  the  infeft, 
when  it  has  obtained  a proper  ft ze,  muft  pafs;  and  in  which 
it  remains  often  for  months,  fometimes  for  a whole  year,  ex- 
pofed,  without  any  means  of  efcaping,  to  every  event ; and  in 
which  it  receives  the  neceffary  preparations  for  it’s  perfect  ftate, 
and  is  enabled  once  more  to  appear  upon  the  tranfttory  feene  of 
time.  During  it’s  paftage  from  one  ftate  to  the  other,  as  well  as 
when  it  is  in  the  pupa  form,  the  microfcopical  obferver  will  ftrftl 
many  opportunities  of  exerciftng  his  inftrument. 

The  tranfitions  of  the  caterpillar  from  one  ftate  to  another,  are 
to  it  a fubjeift  of  the  molt  interefting  nature  ; for  in  pafting 
through  them,  it  often  runs  the  rifk  of  loftng  it’s  life,  and  life  is 
the  greateft  boon  the  Creator  can  beftow  ; it  is  ever  accompanied 
with  a degree  of  delight  proportioned  to  the  ftate  in  which  the 
creature  exilfs,  and  the  ufe  it  makes  of  the  gift  it  has  received.  If 
the  caterpillar  could  therefore  forefee  the  efforts  and  exertions  it. 

muft 

* De  Geer  Memoires  pour  fervir  al’Hiftoire  des  I'nfedes,  tom.  1,  p.  155. 
t Memoires  des  Sjavans  etrangers,  tom.  3,  p.  Cl. 
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muft  make  to  put  off  it’s  prefent  form,  and  the  date  of  weak- 
nefs  and  impotence  under  which  it  muff  exift  while  in  the  pupa 
ftate,  it  would  undoubtedly  chufe  the  moft  convenient  place,  the 
moll  advantageous  fituation,  for  the  performance  of  this  arduous 
operation ; one  where  it  would  be  the  leaft  expofed  to  danger, 
when  it  had  neither  ftrength  to  refill,  nor  fwiftnefs  to  avoid  the 
attack  of  an  enemy. 

All  thefe  necefl'ary  inftruDions  the  caterpillar  receives  from 
the  influence  of  an  all-regulating  Providence,  which  conveys  the 
proper  information  to  it  by  it’s  own  fenfations  : hence,  when  the 
critical  period  approaches,  it  proceeds  as  if  it  knew  what  would 
be  the  refult  of  it’s  operations.  Different  fpecies  prepare  them- 
felves  for  this  ftate  in  different  ways,  fuited  to  their  nature  and 
the  length  of  time  they  are  to  remain  in  this  ftate.- 

When  the  caterpillar  has  attained  to  it’s  full  growth,  and 
the  parts  of  the  future  butterfly  are  fufficiently  formed  beneath 
it’s  fkin,  it  prepares  for  it’s  change  into  the  pupa  ftate  ; it  feeks  for 
a proper  place  in  which  to  perform  the  important  bufinefs  : the 
different  methods  employed  by  thefe  little  animals  to  fecure  this 
ftate  of  reft,  may  be  reduced  to  four:  1.  Some fpin  webs,  or 
cones,  in  which  they  inclofe  themfelves ; 2.  Others  conceal 
themfelves  in  little  cells,  which  they  form  under  ground  ; 3.  Some 
fufpend  themfelves  by  their  pofterior extremity  ; 4.  While  others 
are  fufpended  by  a girdle  that  goes  round  their  body.  We  fhall 
defcribe  the  variety  in  thefe,  as  well  as  the  induftry  ufed  in  con- 
ftrudling  them,  after  we  have  gone  through  the  manner  in  which 
the  caterpillar  prepares  itfelf  for  and  paffes  through  the  pupa 
ftate. 
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Preparatory  to  the  change,  it  ceafes  to  take  any  food,  empties 
itfeJf  of  all  the  excrementitious  matter  that  is  contained  in  the  in- 
teftines,  voiding  at  the  fame  time  the  membrane  which  ferved  as 
a lining  to  thefe  and  the  ftomach.  It  generally  perfeveres  in  a 
ftate  of  red  and  inaftivity  for  feveral  days,  which  affords  the  ex- 
ternal and  internal  organs  that  are  under  the  (kin  an  opportunity 
of  gradually  unfolding  themfelves.  In  proportion  as  the  change 
into  the  pupa  form  approaches,  the  body  is  obferved  ofterj  to 
extend  and  contraCf  itfelf ; the  hinder  part  is  that  which  is  firft 
difengaged  from  the  caterpillar  fkin ; when  this  part  of  the  body 
is  free,  the  animal  contra&s  and  draws  it  up  towards  the 
head  ; it  then  liberates  itfelf  in  the  fame  manner  from  the  two 
fucceeding  rings,  confequently  the  infeft  is  now  lodged  in  the 
fore  part  of  it’s  caterpillar  covering ; the  half  which  is  abandoned 
remains  flaccid  and  empty,  while  the  fore  part  is  fwoln  and  dif- 
tended.  The  animal,  by  ftrong  efforts,  ftill  forcing  itfelf  againft 
the  fore  part  of  the  fkin,  burfts  the  fkull  into  three  pieces,  and 
forms  a longitudinal  opening  in  the  three  firft  rings  of  the 
body;  through  this  it  proceeds,  drawing  one  part  after  the 
other,  by  alternately  lengthening  and  fhortening,  fwelling  and 
contracting  the  body  and  different  rings ; or  elfe,  by  pufhing 
back  the  exuvia,  gets  rid  of  it’s  odious  reptile  form. 

The  caterpillar,  thus  ftripped  from  it’s  fkin,  is  what  we  call 
the  pupa,  chryfalis,  and  aurelia,  in  which  the  parts  of  the  future 
moth  are  inclofed  in  a cruftaceous  covering,  but  are  fo  foft,  that 
the  flighted:  touch  will  difcompofe  them.  The  exterior  part  of 
the  chryfalis  is  at  firft  exceedingly  tender,  foft,  and  partly  tranf- 
parent,  being  covered  with  a vifcous  fluid;  this  foon  dries  up, 
thickens,  and  forms  a new  covering  for  the  animal,  capable,  of 
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Fefifting  external  injuries ; a cafe,  which  is  at  the  fame  time  the 
fepulchre  of  the  caterpillar,  and  the  cradle  of  the  moth  ; where, 
as  under  a veil,  this  wonderful  transformation  is  carried  on. 

The  pupa  has  been  called  a chryfalis,  or  creature  made  of  gold, 
from  the  refplendent  yellow  colour  v/ith  which  fome  kinds  are 
adorned.  M.  de  Reaumur  has  fnewn  us  whence  they  derive  this 
rich  colour ; that  it  proceeds  from  two  fkins,  the  upper  one  a 
beautiful  brown,  which  lays  upon  or  covers  a highly-polilhed 
and  fmooth  white  fkin  : the  light  reflected  from  the  laft,  in  palling 
through,  gives  it  the  golden  yellow,  in  the  fame  manner  as  this 
colour  is  often  given  to  leather  ; fo  that  the  whole  appears  gilded, 
although  no  gold  enters  into  the  tinblure.  The  chryfalis  of  the 
common  white  butterfly  furnilhes  a mod  beautiful  obje£l  for  the 
lucernal  opake  microfcope. 

Thofe  who  are  defirous  to  difcover  diftincftly  the  various  mem- 
bers of  the  moth  in  the  pupa,  fhould  examine  it  before  the  fore- 
mentioned  fluid  is  dried  up,  when  it  will  be  found  to  be  only  the 
moth,  with  the  members  glued  together;  thefe,  by  degrees,  ac- 
quire fufficient  force  to  break  their  covering,  and  difengage  them- 
felves  from  the  bands  which  confine  them. 

To  examine  the  moth  concealed  under  the  Ikin  of  a caterpillar, 
one  of  them  fhould  be  taken  at  the  laft  change  ; when  the  Ikin 
begins  to  open,  it  fhould  be  drowned  in  fpirits  of  wine,  or  fome 
ftrong  liquor,  and  be  left  therein  for  fome  days,  that  it  may 
take  more  confiftency  and  harden  itfelf;  the  fkin  of  the  cater- 
pillar may  then  be  eafily  removed  : the  chryfalis,  or  feeble  moth, 
wiU  be  firft  difcovered,  aftei;  which  the  tender  moth  may  be 
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traced  out,  and  it’s  wings,  legs*  antenna,  &c.  may  be  opened 
and  difplayed  by  an  accurate  obferver. 

The  parts  of  the  moth,  or  butterfly,  are  not  difpofed  exaftly 
in  the  fame  manner  in  the  body  of  the  caterpillar,  as  when  left 
naked  in  the  chryfalis.  The  wings  are  longer  and  narrower, 
being  wound  up  into  the  form  of  a cord,  and  the  antennae  are 
rolled  up  on  the  head ; the  tongue  is  alfo  twilled  up  and  laid 
upon  the  head,  but  in  a very  different  manner  from  what  it  is  in 
the  perfect  animal,  and  different  from  that  which  it  lies  in 
within  the  chryfalis ; fo  that  it  is  by  a progreffive  and  gradual 
change,  that  the  interior  parts  are  prepared  for  the  moth  and 
pupa  Hate.  The  eggs,  hereafter  to  be  depofited  by  the 
moth,  are  alfo  to  be  found  not  only  in  the  chryfalis,  but  in  the 
caterpillar  itfelf,  arranged  in  their  natural  and  regular  order. 

The  time  which  the  moth,  or  butterfly,  remains  in  the  pupa 
ftate  is  not  always  the  fame,  varying  in  different  fpecies,  and  de- 
pending alfo  upon  the. warmth  of  the  weather,  and  other  adven- 
titious circumllances  ; fome  remain  in  that  fituation  for  a few 
weeks  ; others  do  not  attain  their  perfefl  form  for  eight,  nine,  or 
eleven  months  : this  often  depends  on  the  feafon  in  which  they 
affume  the  pupa  form,  or  rather  on  the  time  of  their  birth. 
Some  irregularities  are  alfo  occafioned  by  the  different  tem- 
perature of  the  air,  by  which  they  are  retarded  or  accelerated,  fo 
as  to  be  brought  forward  in  the  feafon  bell  fuited  to  their  nature 
and  the  ends  of  their  exillence.  I have  heard  ol  an  inllance, 
where  the  pupa  produced  from  caterpillars  of  the  fame  eggs,  nou- 
riffled  in  the  fame  manner,  and  which  all  fpun  up  within  a few  days 
of  each  other  in  the  autumn,  came  into  the  fly  Hate  at  three  different 
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and  didant  periods,  viz.  one-third  of  them  the  fpring  following 
their  change,  one-third  more  the  fucceeding  fpring,  and  the 
remainder  the  fpring  after ; making  three  years  from  their  firft 
hatching ; a further  and  manifefl  proof  of  the  beauty  and  wif- 
dom  of  the  laws  of  Divine  order,  which  are  continually  operating 
for  the  bed;  interefls  of  all  created  beings.  As  the  transformation 
of  infers  is  retarded  by  cold,  and  accelerated  by  heat,  the 
ordinary  period  of  thefe  changes  may  fometimes  be  altered,  by 
placing  them  in  different  degrees  of  heat  or  cold  ; by  thefe  they 
may  be  awakened  fooner  to  a new  hate  of  exiflence,  or  kept  in 
one  of  profound  deep.* 

There  are  fome  caterpillars  who  remain  in  their  cone  eight  or 
nine  months,  before  they  become  complete  chryfalifes;  fo  that 
their  duration  in  the  pupa  date  is  much  diorter  than  it  naturally 
appears  to  be. 

As  foon  as  the  moth  acquires  fufficient  drength  to  break  the 
bonds  which  furround  it,  and  of  which  it  is  informed  by  it’s 
internal  fenfations,  it  makes  a powerful  effort  to  efcape  from  it’s 
prifon,  and  view  the  world  with  new-formed  eyes.  The  moth 
frees  itfelf  from  the  pupa  with  much  greater  eafe  than  the  pupa 
from  the  caterpillar ; for  the  cafe  of  the  pupa  becomes  fo  dry, 
when  the  moth  is  near  the  time  of  throwing  off' it’s  covering,  that 
it  will  break  to  pieces  if  it  be  only  gently  preded  between  the 
fingers  ; and  very  few  of  the  parts  will  be  found,  on  examination, 
to  adhere  to  the  body.  Hence  when  the  infeff  has  acquired  a 
proper  degree  of  folidity,  it  does  not  require  any  great  exertion 
to  fplit  the  membrane  which  covers  it.  A fmall  degree  of 
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motion,  or  a little  inflation  of  the  body,  is  fufficient  for  this  purpofe ; 
thefe  motions  reiterated  a few  times,  enlarge  the  hole,  and  afford 
the  moth  room  to  efcape  from  it’s  confinement.  The  opening 
through  which  they  pafs  is  always  at  the  fame  part  of  the  fkin,  a 
little  above  the  trunk,  between  the  wings  and  a fmall  piece  which 
covers  the  head ; the  different  fiflures  are  generally  made  in  the 
fame  direction.  If  the  outer  cafe  is  opened,  it  is  eafy  to  difcover 
the  efforts  the  infedt  makes  to  emancipate  itfelf  from  it’s  fhell ; 
when  the  operation  begins,  there  feems  to  be  a violent  agitation 
in  the  humours  contained  in  the  little  animal ; the  fluids  feem  to 
be  driven  with  rapidity  through  all  the  veffels,  and  it  is  feen  to 
agitate  it’s  legs,  &c.  as  it  were  ftruggling  to  get  free ; thefe 
efforts,  as  we  have  already  faid,  foon  break  it’s  brittle  fkin. 

The  Ioofening  the  exterior  bands  of  the  pupa  is  not  the  only 
difficulty  many  moths  have  to  encounter  with  ; it  has  often  alfo 
to  pierce  the  cone,  or  cafe,  in  which  it  has  been  inclofed,  and 
that  at  a time  when  it’s  members  are  very  feeble,  when  it  is  no 
longer  furniffied  with  ftrong  jaws  to  pierce  and  cut  it’s  way 
through ; but,  by  the  regular  laws  of  Divine  order,  means  are 
furnifhed  to  every  creature  of  attaining  the  end  for  which  it  was 
produced  : thus,  in  the  prefent  cafe,  fome  of  thefe  infedls  are 
provided  with  a liquor  with  which  they  foften  and  weaken  the 
end  of  the  cone ; fome  leave  one  end  feeble,  and  clofe  it  only 
with  a few  threads,  fo  that  a flight  effort  of  the  head  enables  the 
moth  to  burft  the  prifon  doors,  and  immerge  into  day. 

When  the  moth  firfl  fees  the  day,  it  is  humid  and  moift ; but 
this  humidity  foon  evaporates,  the  interior  parts  dry  and  harden 
as  well  as  the  exterior ; the  wings,  which  are  crumpled,  or  thick 
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and  {mall,  extend  themfelves,  are  {lengthened  and  hardened  in- 
fenfibly,  and  the  fibres  which  were  at  firft  flexible  become  hard 
and  ftiff;  even  fo  ftiff,  that  Malphigi  confidered  t(iem  as  bones : 
in  proportion  as  thefe  fibres  harden,  the  fluid  which  circulates 
within  them,  and  extends  the  wings,  lofes  it’s  force ; fo  that  if 
any  extraneous  circumftance  prevents  the  motion  of  this  fluid,  at 
the  firft  inftant  of  the  moth’s  efcape  from  it's  former  ftate,  . 
the  wing  will  then  become  ill-fhaped ; often  expanding  with 
fuch  rapidity,  that  the  naked  eye  cannot  trace  it’s  unfold  ng. 
The  wing,  which  was  fcarce  half  the  length  of  the  body,  acquires 
in  a few  minutes  it’s  full  fize,  fo  as  to  be  nearly  five  times  as  large 
as  they  were  before. : nor  is  it  the  wings  only  which  are  thus  in- 
creafed  ; all  their  fpots  and  colours,  heretofore  fo  minute  as  to  be 
fcarce  difcernible,  are  proportionally  extended,  fo  that  what  be- 
fore appeared  as  only  fo  many  unmeaning  and  confufed  points, 
become  diftindt  and  beautiful  ornaments  ; and  thofe  that  are 
furniflied  with  a tongue,  or  trunk,  curl  and  coil  it  up. 

When  the  wings  are  unfolded,  the  tongue  rolled  up,  the 
moth  fufficiently  dried,  and  the  different  members  ftrengthened, 
it  takes  it’s  flight.  Moft  of  them,  foon  after  they  have  attained 
their  perfedt  ftate,  void  an  excrementitious  fubftance,  which 
M.  de  Reaumur  thinks  is  the  laft  time  of  their  doing  it ; that  they 
rejedl  very  little,  if  any,  during  the  reft  of  their  lives. 

If  the  moth  is  opened  down  the  belly,  and  the  fatty  parts 
which  fill  it  are  removed,  the  grofs*  artery,  which  has  been  called 
the  heart,  will  be  vifible,  and  the  contradfions  and  dilations,  by 
which  it  pufhes  forwards  the  liquor  it  contains,  may  be  cafily  ob- 
ferved.  One  of  the  moft  remarkable  circumftances  is,  that  the 
6 circula- 
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circulation  of  this  fluid  in  the  moth  is  diredlly  contrary  to  that 
which  took  place  in  the  caterpillar  ; in  this  the  liquor  moved 
from  the  tail  to  the  head,  whereas  in  the  moth  it  moves  from  the 
head  to  the  tail ; fo  that  the  fluid  which  anfwers  the  purpofes  of 
the  blood  in  the  moth,  goes  from  the  fuperior  towards  the  infe- 
rior parts ; but  in  the  voracious  fenfual  caterpillar  the  order  is 
inverted,  it  proceeds  from  the  inferior  towards  the  fuperior 
parts. 

The  food  of  the  caterpillar  is  grofs  and  folid,  and  even  this  it 
is  obliged  to  earn  with  much  labour  and  danger;  but  when 
freed  as  it  were  from  the  jaws  of  death,  and  arrived  at  it’s  perfedl 
form,  thepureff  nedlar  is  it’s  portion,  and  the  air  it’s  element.  It 
was  fupplied  with  coarfe  food,  in  the  firft  Hate,  by  the  painful 
operation  of  it’s  teeth,  which  was  afterwards  digefted  by  a violent 
trituration  of  the  ffomach.  The  inteftines  are  now  formed  in  a 
more  delicate  manner,  and  fuited  to  a more  pure  and  elegant 
aliment,  which  nature  has  prepared  for  it’s  ufe,  from  the  mofl 
fragrant  and  beautiful  flowers.  Many  internal  parts  of  the  cater- 
pillar difappear  in  the  chryfalis,  and  many  that  could  not  be 
perceived  before  are  now  rendered  vifible  : the  interior  changes 
are  not  lefs  furprizing  than  thofe  of  the  exterior  form,  and  are, 
properly  fpeaking,  creative  of  them;  for  it  is  from  thefe  the 
exterior  form  originates,  and  to  thefe  it  always  correfponds.  In 
a word,  the  creature  that  heretofore  crept  upon  the  earth,  now 
flies  freely  through  the  air  ; and  far  from  creating  our  averfion  by 
it’s  frightful  prickles  and  foul  appearance,  it  attra&s  our  notice 
by  the  molt  elegant  fhape  and  cloathing.  * 
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Yon  maggot,  vilefl  offspring  of  the  earth, 

Anfwers  the  genial  bafenefs  of  his  birth  : 

Lo  ! where  he  rolls  and  battens  with  delight 
In  filth,  to  fmell  offenfive,  foul  to  fight ! 

Well  pleas’d  he  drinks  the  flench,  the  dirt  devours, 

And  prides  him  in  the  puddle  of  his  pow’rs  ; 

Carelefs,  unconfcious  of  the  beauteous  guefl, 

Th’  internal  fpeck  committed  to  his  breafl ; 

Yet  in  his  breafl  th’  internal  fpeck  grows  warm. 

And  quickens  into  motion,  life,  and  form  : 

Far  other  form  than  that  it’s  foflerer  bore. 

High  o’er  it’s  parent  worm  ordain’d  to  foar. 

The  fori  flill  growing  as  the  fire  decays. 

In  radiant  plume  his  infant  form  arrays ; 

Matures  as  in  a foft  and  filent  womb, 

Then  op’ning,  peeps  from  his  paternal  tomb  ; 

Now  flruggling,  breaks  at  once  into  the  day, 

Tries  his  young  limbs,  and  bids  his  wings  difplay ; 

Expands  his  lineaments,  erefls  his  face, 

Rifes  fublime  o’er  all  the  reptile  race ; 

From  dew-dropt  bloffoms  fips  the  neflar'd  flream, 

And  bafks  within  the  glory  of  the  beam.  * 

The  induflry  of  the  caterpillar,  in  fecuring  itfelf  for  it’s  change 
into  the  chryfalis,  mufl  not  be  paffed  by  ; not  only  becaufe  they 
naturally  lead  the  reader  to  confider  and  admire  that  Divine 
agency  by  which  they  are  informed,  but  becaufe  the  different 
modes  they  make  ufe  of  cannot  be  properly  inveffigated,  without 
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the  affiflance  of  glaffes,  and  are  confequently' a proper  fubjefil  for 
the  microfcope ; we  (hall  felefil  from  a great  variety,  a few 
inflances,  to  animate  the  reader  in  thefe  refearches. 

Some  caterpillars,  towards  the  time  of  their  change,  fufpend 
themfelves  from  the  branch  of  a tree,  with  the  head  downwards ; 
in  this  polition  they  affume  the  pupa  form,  and  from  thence  im- 
merge  a butterfly  or  moth.  In  order  to  fufpend  itfelf  in  this  po- 
fition,  the  infect  covers  with  threads  that  part  of  the  branch 
from  which  it  means  to  fufpend  itfelf ; it  places  thefe  in  different 
directions,  and  then  covers  them  with  other  threads,  laying  on 
feveral  fuccefhve  thickneffes,  each  new  layer  being  fmaller  in  fize 
than  that  which  preceded  it;  forming,  when  finifhed,  a little 
cone  or  hillock  of  filk,  as  will  be  found  when  examined  by  the 
microfcope.  The  caterpillar  hooks  itfelf  by  the  hinder  feet  to 
this  hillock;  and  when  it  has  found,  by  feveral  trials,  that  it 
is  ftrongly  fixed  thereto,  throws  itfelf  forward,  letting  the  body 
fall  with  the  head  downwards.  Soon  after  it  is  thus  fufpended, 
it  bends  the  fore  part  of  the  body,  keeping  this  bent 
pofture  for  fome  time  ; then  ffraitening  the  body,  again  in  a little 
time  bending  it,  and  fo  on,  repeating  this  operation  till  it  has 
formed  a flit  in  the  fkin  upon  the  back  ; part  of  the  pupa  foon 
forces  itfelf  through  this,  and  extends  the  flit  as  far  as  the 
laft  cruftaceous  feet;  the  pupa  then  forces  upwards  the  fkin,  as 
we  would  pufh  down  a flocking,  by  means  of  it’s  little  hooks  and 
the  motion  of  the  body,  till  it  has  flipped  it  off’  to  that  part  from 
which  the  caterpillar  had  fufpended  itfelf.  But  the  pupa  has  ff ill 
to  difengage  itfelf  from  this  ffnall  packet,  to  which  the  exuvia  is 
now  reduced  : here  the  obferver  will  find  himfelf  interefled  for 
the  little  animal,  anxious  to  learn  how  the  pupa  will  quit  this 
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fkin,  and  how  it  will  be  enabled  to  fix  itfelf  to  the  hillock, 
as  it  has  neither  arms  nor  legs.  A little  attention  foon  explains 
the  operation,  and  extricates  the  obferver  from  his  embarrafiment. 
It  leizes  the  exuvia  by  the  rings  of  the  body,  and  thus  holds  it- 
felf as  it  were  by  a pair  of  pincers  ; then,  by  bending  the  tail,  it 
frees  itfelf  from  the  old  fkin,  and  by  the  faine  method  foon  fuf- 
pends  itfelf  to  the  filken  mount ; it  lengthens  out  the  hinder  part 
of  the  body,  and  clafps,  by  means  of  it’s  rings,  the  various  fold- 
ings of  the  exuvia  one  after  another;  thus  creeping  backward  on 
the  fpoils,  till  it  can  reach  the  hillock  with  the  tail ; wrhich,  wdien 
examined  by  the  microfcope,  will  be  found  to  be  furnifhed  with 
hooks  to  fix  itfelf  by. 

It  is  fiirprizing  to  fee  with  what  exa&nefs  and  eafe  thefe  infe&s 
perform  an  operation  fo  delicate  and  dangerous,  which  is  only 
executed  once  in  their  life ; and  nought  elfe  can  account  for  it, 
but  the  confideration  that  he,  who  defigned  that  the  caterpillar 
Ihould  pafs  through  thefe  changes,  had  provided  means  for  that 
end,  regularly  connecting  the  greater  fteps  by  intermediate  ones, 
the  defire  of  extending  their  fpecies,  forming  and  aCting  upon  the 
organization,  till  the  purpofes  of  their  life  are  completed. 

Different  kinds  of  thefe  infefts  require  variety  in  the  mode  of 
fufpenfion  ; fome  fix  themfelves  in  an  horizontal  pofition,  by  a 
girdle  which  they  tie  round  their  body  ; this  girdle  appears  to  the 
naked  eye  as  a fingle  thread ; when  examined  with  the  micro- 
fcope, it  will  be  found  to  be  an  affemblage  of  fine  threads,  lying 
dole  to  each  other,  fo  fixed  as  to  fupport  the  caterpillar,  and  yet 
leave  it  in  full  freedom  to  effed  the  changes.  Like  the  preceding 
kind,  it  fixes  the  girdle  to  the  branch  of  a tree ; in  this  fituation 
6 it 
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it  remains  for  fome  time  motionlefs,  and  then  begins  to  bend, 
move,  and  agitate  it’s  body  in  a very  fmgular  manner,  till  it  has 
opened  the  exterior  covering,  which  it  pufhes  off  and  removes 
much  in  the  fame  manner  as  we  have  defcribed  in  the  preceding 
article,  and  yet  with  fuch  dexterity,  that  the  pupa  remains  fuf- 
pended  by  the  fame  girdle. 

The  induftry  of  thofe  that  fpin  cones,  or  cafes,  in  which  they 
inclofe  themfelves,  in  order  to  prepare  for  their  transformation 
in  fecurity,  is  more  generally  known,  as  it  is  from  one  fpecies  of 
thefe  that  we  derive  fo  many  benefits,  namely,  from  the  filk- 
worm.  All  caterpillars  undergo  fimilar  changes  with  it,  and 
many  in  the  butterfly  flate  greatly  exceed  it  in  beauty : but  the 
golden  tiffue,  in  which  the  filk-worm  wraps  itfelf,  far  furpaffes  the 
filky  threads  of  all  the  other  kinds  ; they  may  indeed  come  forth 
with  a variety  of  colours,  and  wings  bedecked  with  gold  and  fear- 
let,  yet  they  are  but  the  beings  of  a fummer’s  day  ; both  their  life 
and  beauty  quickly  vanifh,  and  leave  no  remembrance  after  them ; 
but  the  filk-worm  leaves  behind  it  fuch  beneficial  monuments,  as 
at  once  record  the  wifdom  of  their  Creator,  and  his  bounty  to 
man.  * 

The  fubflance  of  which  the  filk  is  formed,  is  a fine  yellow 
tranfparent  gum,  contained  in  two  refervoirs  that  wind  about  the 
inteflines,  and  which,  when  they  are  unfolded,  are  about  ten 
inches  long ; they  terminate  in  two  exceeding  fmall  orifices  near 
the  mouth,  through  which  the  filk  is  drawn,  or  fpun,  to  the  de- 
gree of  finenefs  which  it's  occafions  may  require.  This  apparatus 
has  been  compared  to  the  infirument  ufed  by  the  wire-drawers, 
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and  by  which  gold  and  filver  is  drawn  to  any  degree  of  minute- 
nefs.  Every  thread  proceeds  from  thefe  two  refervoirs,  but  are 
united  afterwards ; fo  that  if  it  is  examined  by  the  microfcope,  it 
will  be  found  to  confid  of  two  cylinders,  or  threads,  glued  to- 
gether, with  a groove  in  the  middle  ; a feparation  may  fometimes 
be  perceived. 

When  the  filk-worm  has  found  a convenient  fituation,  itfets  to 
work,  fird  fpinning  fome  loofe  thread,  which  ferves  to  fupport 
the  future  fuperdruflure ; upon  thefe  it  forms  an  oval  of  a loofe 
texture,  confiding  of  what  is  called  the  flofs  filk  ; within  this  it 
forms  a firm  and  more  confident  ball  of  filk,  remaining 
during  the  whole  bufinefs  within  the  circumference  of  the  fphe- 
roid  that  it  is  forming,  reding  on  it’s  hinder  parts,  and  with  it’s 
mouth  and  fore  legs  directing  and  fadening  the  threads.  Thefe 
threads  are  not  direfted  in  a regular  circular  form,  but  are  fpun 
in  different  fpots,  in  an  infinite  number  of  zig-zag  lines  : fo  that 
when  it  is  wound  off,  it  proceeds  in  a very  irregular  manner, 
fometimes  from  one  fide  of  the  cone,  then  from  the  other.  This 
thread,  when  meafured,  has  been  found  to  be  about  three  hun- 
dred yards  long,  and  fo  fine,  that  eight  or  ten  are  generally  rolled 
off  into  one  by  the  manufacturers.  The  filk-worm  ufually  em- 
ploys about  three  days  in  finifhing  this  cone ; the  infide  is 
generally  fmeared  with  a kind  of  gum,  that  is  defigned  to  keep 
out  the  rain ; in  this  cone  it  afliimes  the  pupa  form,  and  remains 
therein  from  fifteen  to  thirty  days,  according  to  the  warmth  of 
the  climate.  When  the  moth  is  formed,  it  moidens  the  end  of 
this  cone,  and  by  frequent  motions  of  the  head  loofens  the  tex- 
ture of  the  filk,  fo  as  to  form  a hole  without  breaking  it. 


When 
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When  the  filk-worm  has  attained  it’s  perfeft  growth,  the  refer- 
voirs  of  filk  are  full,  and  it  is  prefled  by  it’s  fenfations  to  get  rid 
of  this  incumbrance,  and  accordingly  fpins  a cone,  die  altitude 
and  lize  of  which  are  proportioned  to  it’s  wants  : by  traverflng 
backwards  and  forwards,  it  is  relieved,  and  thus  attains,  by  an 
innate  defire,  the  end  for  which  it  was  formed. 

The  fize  of  the  cone  is  not  always  proportioned  to  the  fize  of 
the  caterpillar ; fome  that  are  fmall  conltrudt  larger  cones  than 
other  caterpillars  which  are  greater'  in  fize. 

There  is  a caterpillar  which  forms  it’s  filken  cone  in  the  fhape 
of  a boat  turned  bottom  upwards,  whence  it  is  called  by  M.  de 
Reaumur  the  “ coque  en  batteau the  conflrufdon  is  compli- 
cated, and  feems  to  require  more  art  than  is  ufually  attributed  to 
this  infeft.  It  confifts  of  two  principal  parts,  fhaped  like  fhells, 
which  are  put  together  with  conflderable  (kill  and  propriety ; 
each  fhell,  or  fide,  is  framed  by  itfelf,  and  formed  of  an  innu- 
merable quantity  of  minute  filk  rings  ; in  the  fore  part  there  is  a 
proje&ion,  in  which  a fmall  crevice  may  be  perceived,  which 
ferves,  when  opened,  for  the  efcape  of  the  moth ; the  Tides  are 
conne&ed  with  fo  much  art,  that  they  open  and  fliut  as  if  framed 
with  fprings  ; fo  that  the  cone,  from  which  the  butterfly  has 
efcaped,  appears  as  clofe  as  that  which  is  hill  inhabited. 

Thofe  which  are  not  furnifhed  with  a filky  cone,  fupply  their 
want  with  various  materials,  which  they  are  fufficiently  Ikilful  to 
form  into  a proper  habitation,  to  fecure  them  while  preparing  for 
the  perfect  hate  ; fome  conflruft theirs  with  leaves  and  branches, 
tying  them  fall  together,  and  then  ftrengthening  the  connexion ; 

others 
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others  conneft  thefe  leaves  with  great  regularity ; many  ftrip 
themlelves  of  their  hairs,  and  form  a mixture  of  hair  and  filk  ; 
others  conftruft  a cone  of  fand,  or  earth,  cementing  the  particles 
with  a kind  of  glue ; fome  gnaw  the  wood  into  a kind  of  faw-duft, 
and  glue  it  together  ; with  an  innumerable  variety  of  modes  fuited 
to  their  prefent  and  future  ffate. 

Of  the  Beetle. 

To  make  the  reader  more  fully  acquainted  with  a fubjcdt  which 
affords  fuch  abundant  matter  for  the  exercife  of  his  microfcope, 
I fhall  proceed  to  defcribe,  in  as  concife  a manner  as  I am  able, 
the  changes  of  a few  infers  of  different  claffes,  beginning  with 
the  beetle. 

The  beetle  is  of  the  firft  (or  coleoptrous)  clafs,  having  four 
wings.  The  two  upper  ones  are  cruffaceous,  and  form  a cafe  to 
the  lower  ones  ; when  they  are  fhut,  there  is  a longitudinal  future 
down  the  back : this  formation  of  the  wings  is  neceffary,  as  the 
beetle  often  lives  under  the  furface  of  the  earth,  in  holes  which 
they  dig  by  their  own  induflry  and  ffrength.  Thefe  cafes  fave 
their  real  wings  from  the  damage  which  they  might  otherwife 
fuffain,  by  rubbing  or  crufhing  againft  the  fides  of  their  abode  ; 
they  ferve  alfo  to  keep  the  wings  clean,  and  produce  a buzzing 
noife  when  the  animal  rifes  in  the  air.  The  ffrength  of  the  beetle 
is  aftonifhing ; it  has  been  effimated  that,  bulk  for  bulk,  their 
mufcles  are  a thoufand  times  ftronger  than  thofe  of  a man. 

The  beetle  is  only  an  infeff  difengaged  from  the  pupa  form ; 
the  pupa  is  a transformation  in  like  manner  from  the  worm,  or 
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larva,  and  this  proceeds  from  the  egg ; fo  that  he^e.  as  in  the 
foregoing  inftances,  one  infeft  is  exhibited  in  four  different  hates 
of  life,  after  paffmg  through  three  of  which,  and  the  various 
miferies  attendant  on  them,  it  is  advanced  to  a more  perfeft  hate. 
When  a larva,  it  trains  a miferable  exihence  under  the  earth  : in 
the  pupa  form  it  is  deprived  of  motion,  and  as  it  were  dead. 
But  the  beetle  itfelf  lives  at  pleafure  above  and  under  ground, 
and  alfo  in  the  air,  enjoying  a higher  degree  of  life,  which  it  has 
attained  by  how  progreffion,  and  pahing  through  difficulties, 
affli&ion,  and  death. 

If  we  judge  of  the  rank  which  the  beetle  holds  in  the  fcale  of 
animation,  from  the  places  where  they  are  generally  found,  from 
the  food  which  nourishes  them,  from,  the  difgufling  and  odious 
forms  of  many,  from  their  antipathy  to  light,  and  their  delight 
in  darknefs,  we  fhall  not  form  great  ideas  of  the  dignity  of  their 
fltuation.  But  as  all  things  are  rendered  fubfervient  to  the  laws 
of  Divine  order,  it  is  fufficient  for  us  to  contemplate  the  wonders 
that  are  difplayed  in  this  and  every  other  organ  of  life,  for  the 
reception  of  which,  from  the  fountain  and  source  of  all 
life,  each  individual  is  adapted,  and  that  in  a manner  corref* 
ponding  to  the  ftate  of  exigence  it  is  to  enjoy,  and  the  energies 
it  is  called  forth  to  reprefent ; indeed  the  manner  of  it’s  exigence 
entirely  depends  on  the  degree  of  life  which  it  is  enabled  to  re- 
ceive, and  the  ftate  in  which  that  degree  is  communicated  in  it’s 
defcent  through  different  orders  of  being. 

“ One  is  the  flood  which  univerfal  flows  ; 

And  hence  the  reptile,  hence  the  feraph  glows.” 

Brooke, 

The 
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The  egg  of  the  rhinoceros  * beetle  is  of  an  oblong  round  figure, 
of  a white  colour ; the  {hell  thin,  tender,  and  flexible ; the  teeth 
of  the  worm  that  is  within  the  (hell  come  to  perfe£Iion  before  the 
other  parts  ; fo  that  as  foon  as  it  is  hatched,  it  is  capable  of  de- 
vouring, and  nourifhing  itfelf  with  the  wood  among  which  it  is 
placed.  The  larva,  or  worm,  is  curioufly  folded  in  the  egg,  the 
tail  reffing  between  the  teeth,  which  are  difpofed  on  each  fide 
the  belly ; the  worm,  in  proper  time,  breaks  the  fhell,  in  the 
fame  manner  as  a chicken,  and  crawls  from  thence  to  the  next 
fuitable  fubffance. 

The  worm,  when  it  is  hatched,  is  very  white,  has  fix  legs,  a 
wrinkled  naked  body,  but  the  other  parts  all  covered  with  hair: 
the  head  is  then  alfo  bigger  than  the  whole  body,  a circumfiance 
which  may  be  obferved  in  larger  animals,  and  which  is  founded 
on  wife  reafons.f  If  the  egg  is  obferved  from  time  to  time  while 
the  infedl  is  within  it,  the  beating  of  the  heart  may  be  perceived. 

The  eggs  of  the  earth-worm,  the  fnail,  and  the  beetle,  will 
afford  many  fubjefts  for  the  microfcope,  and  will  be  found  to 
deferve  a very  attentive  examination.  Swammerdam  was  ac- 
cuflomed  to  hatch  them  in  a difh,  covered  with  white  paper, 
which  he  always  kept  in  a moift  Hate.  To  preferve  thefe  and 
fuch  like  eggs,  they  muff  be  pierced  with  a fine  needle ; the  con- 
tained liquors  muff  be  preffed  out,  after  which  they  fhould  be 
blown  up  by  means  of  a fmall  glafs  tube,  and  then  filled  with  a 
little  rofin  diffolved  in  oil  of  fpike. 

The 

* Scarabaeus  Actason,  Lin.  Sy ft.  Nat.  p.  541-3. 

+ Swammerdam’s  Book  of  Nature,  pt.  1,  p.  33. 
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The  worm  of  the  rhinoceros  beetle,  like  other  infe&s  in  the 
larva  flate,  changes  it’s  fkin ; in  order  to  effe£f  which,  it  dif- 
charges  all  it’s  excrement,  and  forms  a convenient  hole  in  the 
earth,  in  which  it  may  perform  the  wonderful  operation ; for  it 
does  not,  like  the  ferpent,  call  off  merely  an  external  covering, 
but  the  throat,  a part  of  the  flomach,  and  the  inward  furface  of 
the  great  gut,  change  at  the  fame  time  their  fkin  : as  if  it  were  to 
increafe  the  wonder,  and  to  call  forth  our  attention  to  thefe 
reprefentative  changes,  fome  hundreds  of  pulmonary  pipes  calf 
alfo  each  it’s  delicate  fkin,  a tranfparent  membrane  is  taken  from 
the  eyes,  and  the  fkull  remains  fixed  to  the  exuvia. 

After  the  operation,  the  head  and  teeth  are  white  and  tender, 
though  at  other  times  as  hard  as  a bone  ; fo  that  the  larva,  when 
provoked,  will  attempt  to  gnaw  iron.  For  an  accurate  ana- 
tomical defcription  of  this  worm,  I muff  refer  the  reader  to  M. 
Swammerdam  ; he  will  find  it,  like  the  reft  of  this  author’s 
works,  well  worthy  of  his  attentive  perufal.  To  difle6f  it,  he 
firft  killed  it  in  fpirits  of  wine,  or  fufFocated  it  in  rain  water  rather 
more  than  lukewarm,  not  taking  it  out  from  thence  for  fome 
hours.  This  preparation  prevents  an  improper  contra£lion  of 
the  mufcular  fibres. 

ii  - . . . 

When  the  time  approaches  for  the  worm  to  take  upon  it  the 
pupa  form,  it  generally  penetrates  deeper  into  the  ground,*  or 
thofe  places  where  it  inhabits,  to  find  a fttuation  that  it  can  more 
eafily  fuit  to  it’s  fubfequent  procefs.  Having  found  a proper 

D d place, 

* The  larva  of  thofe  beetles  which  live  under  ground  are  in  general  heavy,  idle, 
and  voracious  \ on  the  contrary,  the  larva  which  inhabit  the  waters  are  exceedingly 
a&ivc.  . 
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place,  they  form  with  their  hinder  feet  a polifhed  cavity,  in  this 
they  lie  for  fome  time  immoveable  ; after  which,  by  voiding  ex- 
crementitious  fubftances,  and  by  the  evaporation  of  humidity,  it 
becomes  thinner  and  fhorter,the  fkin  more  furrowed  and  wrinkled, 
fo  that  it  foon  appears  as  if  it  was  ftarved  by  degrees.  If  it  be  dif- 
fered about  this  period,  the  head,  the  belly,  and  the  thorax,  may 
be  clearly  diftinguifhed.  While  fome  external  and  internal  parts 
are  changing  by  a flow  accretion,  others  are  gently  diflended  by 
the  force  of  the  blood  and  impelled  humours.  The  body  con- 
tradling  itfelf,  while  the  blood  is  propelled  towards  the  fore- 
parts, forces  the  fkull  open  in  three  parts,  and  the  fkin  in  the 
middle  of  the  back  is  feparated,  by  means  of  an  undulating  motion 
of  the  incinons  of  the  back  ; at  the  fame  time  the  eyes,  the  horns, 
the  lips,  &c.  call  their  exuvia.  During  this  operation, 
a thin  watery  humour  is  diffufed  between  the  old  and  new 
(kin,  which  renders  the  feparation  eafier.  The  procefs  going  on 
gradually,  the  worm  is  at  laft  difengaged  from  its  fkin,  and  the 
limbs  and  parts  are,  by  a continual  unfolding,  transformed  into 
the  pupa  ftate ; after  which,  it  twills  and  comprefles  the  exuvia 
by  the  fundament,  and  throws  it  towards  the  hinder  part  under 
the  belly.  The  pupa  is  at  this  time  very  delicate,  tender,  and 
flexible  ; and  affords  a moll  aftonifhing  appearance  to  an  attentive 
obferver.  Swammerdam  thinks  it  is  fcarce  to  be  equalled  among 
the  wonders  which  are  difplayed  in  the  infedl  part  of  the  creation; 
in  it  the  future  parts  of  the  beetle  are  finely  exhibited,  fo  difpofed 
and  formed,  as  foon  to  be  able  to  ferve  the  creature  in  a more 
perfect  ftate  of  life,  and  to  put  on  a more  elegant  form. 


The 
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The  pupa  * of  this  infedi  weighs,  a little  after  it’s  change, 
much  heavier  than  it  does  in  it’s  beetle  date ; this  is  alfo  the  cafe 
with  the  pupa  of  the  bee  and  hornet.  The  latter  has  been 
found  to  weigh  ten  times  as  much  as  the  hornet  itfelf;  this  is 
probably  occafioned  by  a fuperabundant  degree  of  moidure,  by 
which  thefe  infedts  are  kept  in  a date  of  inadfivity  (a  kind  of  pre- 
ternatural dropfy)  till  it  is  in  fome  meafure  diliipated ; in  pro- 
portion as  this  moidure  is  evaporated,  the  fkin  hardens  and  dries  ; 
fome  days  are  required  to  1'weat  off  tins  fuperfluous  moidure. 
If  the  fkin  is  taken  off  at  this  time,  many  curious  circumdances 
may  be  noted  ; but  what  claims  our  attention  mod  is,  that  the 
horn,  which  is  fo  hard  in  the  male  beetle  when  in  a date  of  ma- 
turity, that  it  will  bear  to  be  fharpened  againd  a grinddone,f  in 
the  pupa  date  is  quite  foft,  and  more  like  a fluid  than  a folid 
fubdance. 

How  long  the  fcene  of  mutation  continues  is  not  known ; 
fome  remain  during  the  whole  winter,  more  particularly  thofe 
who  quit  the  .larva  date  in  autumn,  when  a fudden  cold 
checks  their  further  operations,  and  confequently  they  remain 
without  any  food  for  feveral  months.  Some  fpecies  of  the 
beetle  tribe  go  through  all  the  dages  of  their  exidence  in  a feafon, 
while  others  employ  near  four  years  in  the  procefs,  and  live  as 
winged  infedls  a year. 

When  the  proper  time  for  the  final  change  arrives,  all  the 
mufcular  parts  grow  drong,  and  are  thus  more  able  to  fhake  off 

D d 2 their 

* Swanm.e  c'am’s  Bo  k of  Nutu-e,  p.  1 4+. 

+ MoufFet,  p.  152. 
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their  lad  integuments,  which  is  performed  exactly  in  the  fame 
manner  as  in  the  padage  of  the  infeft  from  the  larva  to  the  pupa 
llate,  fb  that  in  this  lad  fkin,  which  is  extremely  delicate,  the 
traces  of  the  pulmonary  tubes,  that  have  been  pulled  olf  and  turned 
out,  again  become  vifible. 

All  parts  of  the  infeft,  and  more  particularly  the  wings  and 
their  cafes,  are  at  this  time  fwelled  and  extended,  by  the  air  and 
fluids  which  are  driven  into  them  through  the  arteries  and  pul- 
monary tubes  ; the  wings  are  at  this  period  foft  as  wet  paper,  and 
the  blood  ilfues  from  them  on  the  lead  wound ; but  when  they 
have  acquired  their  proper  confidency,  which  in  the  elytra  is  very 
confiderable,  they  will  not  give  the  lead  fign  of  any  duid  within 
them,  though  cut  or  torn  almod  afunder. 

The  pupa  being  difengaged  from  it’s  fkin,  aflumes  a different 
form,  in  which  it  is  dignified  with  the  name  of  a beetle,  with  a 
difference  of  fex,  being  either  male  or  female. 

The  infeft  now  begins  to  enjoy  a life  far  preferable  to  it’s  for- 
mer date  of  exidence  ; from  living  in  dirt  and  filth,  under  briars 
and  thorns,  it  now  raifes  itfelf  towards  the  dues,  and  fudains 
itfelf  with  the  oozing  liquors  of  dowers. 

Of  the  Musca  Chameleon. 

3 

We  proceed  to  illuftrate  the  nature  of  the  different  transforma- 
tions in  infefts,  by  giving  an  account  of  the  mufea  chameleon : 
in  the  worm  or  larva  condition  it  lives  in  the  water,  breathes  by 
the  tail,  and  carries  it's  legs  within  a little  fnout  near  it’s  mouth. 

When 
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When  it  is  arrived  at  the  time  for  it’s  pupa  date,  it  goes  through 
the  change  without  calling  off  the  fkin  of  the  larva.  Ladly,  in 
the  imago,  or  fly  (late,  it  would  infallibly  perifh  in  the  water : 
the  element,  which  had  hitherto  fupplied  it  with  life  and  motion, 
would  now  be  it’s  immediate  deftru&ion. 

This  infeft  is  charaflerized  by  Linnaeus  as  mufca  chamaeleon. 
Habitat  larva  in  aquis  dulcibus ; mufca  fupra  aquam  obambulare 
folet.  In  a former  edition  of  the  Fauna  Suecica  he  called  it 
oeflrus  aquae ; but  on  a more  minute  examination,  he  found  it  was 
a mufca ; befides,  the  larvae  of  all  known,  oeflri  are  nourifhed  in 
the  bodies  of  animals. 

The  larva  of  this  infedl,  when  viewed  by  the  naked  eye,  ap- 
pears to  confifl  of  twelve  annular  divifions,  fee  Plate  XI.  Fig.  1 ; 
by  thefe  it  is  feparated  into  a head,  thorax,  and  abdomen ; but 
as  the  ftomach  and  inteflines  lie  equally  in  the  thorax  and  abdo- 
men, it  is  not  eafy  to  didinguifh  their  limits  until  the  infedl 
approaches  the  pupa  date. 

The  parts  mod  worthy  of  notice,  when  this  infefl  is  viewed  by 
the  naked  eye,  are  the  tail  and  fnout.  The  tail  is  furnifhed  with 
an  elegant  crown  or  circle  of  hair  b,  difpofed  quite  round  it  in  an 
annular  form  ; by  means  of  this  the  tail  is  fupported  on  the  fur- 
face  of  the  water  while  the  worm  or  larva  is  moving  therein,  the 
body  in  the  mean  while  hanging  towards  the  bottom ; it  will 
fometimes  remain  in  this  dtuation  for  a confiderable  time,  without 
the  lead  fenfible  motion.  When  it  has  a mind  to  dnk  to  the  bot- 
tom by  means  of  it’s  tail,  it  generally  bends  the  hairs  of  that  part 
towards  each  other  in  the  middle,  but  much  clofer  towards  the 
6 extremity  • 
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extremity ; by  this  means  a hollow  fpace  is  formed,  and  the 
bladder  of  air  pent  up  in  it  looks  like  a pearl,  Fig.  2,  Plate  XI. 
It  is  by  the  afhftance  of  this  bubble,  or  little  balloon,  that  the  in- 
feft  raifes  itfelf  again  to  the  furface  of  the  water.  If  this  bubble 
efcapes,  it  can  replace  it  from  the  pulmonary  tubes  ; fometiines 
large  quantities  of  air  may  be  feen  to  arife  in  bubbles  from  the 
tail  of  the  worm  to  the  furlace  of  the  water,  and  there  mix  with 
the  incumbent  atmoi'phere.  This  operation  may  be  eafily  feen 
by  placing  the  worm  in  a glafs  full  of  water,  where  it  will  afford 
a very  entertaining  fpedtacle. 

iJtJ — ’ -H-l  1 :.l  ' ; jj.m  ii 

The  fnout  is  divided  into  three  parts,  of  which  that  in  the 
middle  is  immoveable  ; the  two  other  parts  grow  from  the  fides 
of  the  former;  thefe  are  moveable,  vibrating  in  a very  lingular 
manner,  like  the  tongues  of  lizards  - and  ferpents.  The  greatell 
ftrength  of  the  creature  is  fixed  in  thefe  lateral  parts  of  the  fnout ; 
it  is  on  thefe  that  it  walks  when  it  is  out  of  the  w^ter,  appearing 
as  it  were  to  walk  on  it’s  mouth,  ufing  it,  as  the  parrot  does  it’s 
beak,  to  move  (climb)  with  greater  advantage. 

We  (hall  now  confider  the  external  figure  of  this  worm,  as  it 
appears  with  the  microfcope.  It  is  fmajl  towards  the  head,  larger 
about  thofe  parts  which  may  be  confidered  as  the  thorax,  it  then 
grows  fmaller,  converging  at  the  abdomen,  terminating  in  a 
(harp  tail,  furrounded  with  hairs  in  the  form  of  the  rays  of  a 
Par. 

1 i ' )*;■'•)'.  ! f>U  . 1*  Hi',  t ni£r*  ■ > : . OU 

This  worm,  the  head  and  tail  included,  has  twelve  annular 
divifions,  i,  2,  3,  4,  5,  6,  7,8,9,  10,  11,  12,  Fig.  3,  Plate  XI. 
It’s  fkin  refembles  the  covering  of  thofe  animals  that  are  provided 
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with  a cruflaceous  habit,  more  than  it  does  that  of  naked  worms 
or  caterpillars  ; it  is  moderately  hard,  and  like  the  rough  fkin  called 
lhagreen,  being  thick  fet  with  a number  of  grains,  evenly  diftri- 
buted.  The  fubftance  of  the  fkin  is  firm  and  hard,  and  yet  very 
flexible. 

On  each  fide  of  the  body  are  nine  fpiracula,  or  holes,  for  the 
purpofe  of  refpiration  j there  are  no  fuch  holes  vifible  on  the 
tail  ring  a , nor  on  the  third  ring  counting  from  the  head  ; for  at 
the  extremity  of  the  tail  there  is  an  opening  for  the  admiffion  and 
expulfion  of  air : in  the  third  ring  the  fpiracula  are  very  fmall, 
and  appear  only  under  the  fkin,  near  the  place  where  the  embryo 
wings  of  the  future  fly  are  concealed.  It  is  remarkable  that  cater- 
pillars, in  general,  have  two  rings  without  thefe  fpiracula ; per- 
haps, becaufe  they  change  into  flies  with  four  wings  ; whereas 
this  worm  produces  a fly  that  has  only  twTo. 

The  fkin  has  three  different  fhades  of  colour;  it  is  adorned  with 
oblong  black  furrows,  with  fpots  of  a light  colour,  and  orbicular 
rings,  from  which  there  generally  fprings  a hair,  as  in  the  figure 
before  us,  only  the  hair  that  grows  on  the  infeft’s  fide  is  repre- 
fented  ; ■ befides  this  there  are  here  and  there  fome  other  larger 
hairs  c c.  The  difference  of  colour  in  this  worm  arifes  from  the 
quantity  of  grains  in  the  fame  fpace  ; for  in  proportion  as  there 
is  a greater  or  leffer  quantity  of  thefe,  the  furrows  and  rings  are 
of  a deeper  or  paler  colour. 

The  head  d is  divided  into  three  parts,  and  covered  with  a 
fkin,  the  grains  on  which  are  hardly  difcernible.  The  eyes  are 
rather  protuberant,  and  lie  forwards  near  the  fnout.  It  has  alfo 

two. 


two  fin  all  horns  i i on  the  fore-part  of  the  head.  The  fnout  is 
crooked,  and  ends  in  a (harp  point  as  at  f;  but  what  is  altoge- 
ther fingular  and  furprizing,  though  no  doubt  wifely  contrived 
by  the  great  and  Almighty  Archite6i,  is,  that  this  infeft  s legs  are 
placed  near  the  fnout,  between  the  finuffes,  in  which  the  eyes  are 
fixed.  Each  of  thefe  legs  confifts  of  three  joints,  the  outermoft 
of  which  is  covered  with  hard  and  ftiff  hairs  like  b riffles.  From 
the  next  joint  there  fprings  a horny  bone  h h,  which  the  infeft 
ufes  as  a kind  of  thumb  ; the  joint  is  alfo  of  a black  fubftance, 
between  bone  and  horn  in  hardnefs  ; the  third  joint  is  of  the  fame 
nature.  To  difiinguifh  thefe  particulars,  the  parts  that  form  the 
upper  fides  of  the  mouth  and  the  eyes  muff  be  feparated  by 
means  of  a fmall  fine  knife ; you  may  then,  by  the  afliftance  of 
the  microfcope,  perceive  that  the  leg  is  articulated  by  means  of 
fome  particular  ligaments,  with  that  portion  of  the  infeff’s  mouth 
which  anfwers  to  the  lower  jaw  in  the  human  frame.  We  may 
then  alfo  difcern  the  mufcles  which  ferve  to  move  the  legs,  and 
draw  them  up  into  a cavity  that  lies  between  the  fnout  and  thofe 
parts  of  the  mouth  which  are  near  the  horns  i i. 

This  infeft  not  only  walks  with  thefe  legs  at  the  bottom  of  the 
water,  but  even  moves  itfelf  on  land  by  means  of  them  ; it  like- 
wife  makes  ufe  of  them  to  fwim,  while  it  keeps  it’s  tail  on  the  fur- 
face  contiguous  to  the  air,  and  hangs  downward  with  the  reft  of 
the  body  in  the  water  ; in  this  fituation  no  motion  is  perceived  in 
it  but  what  arifes  from  it’s  legs,  which  it  moves  in  a moft  elegant 
manner.  It  is  reafonable  to  conclude  from  what  has  been  faid, 
that  the  principal  part  of  the  creature’s  ftrength  lies  in  thefe  legs  : 
nor  will  it  be  difficult  for  thofe  who  are  acquainted  with  the 

nature  of  the  ancient  hieroglyphics  (which  are  now  opening  fo 
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clearly)  to  fix  the  rank  of  this  infeft  in  animated  life,  and  point 
out  thofe  orders  of  being,  and  the  moral  fiate  through  which  it 
receives  it’s  form  and  habits  of  life. 

The  fnout  is  black  and  hard,  the  back  part  is  quite  folid,  and 
fomewhat  of  a globular  form,  whereas  the  front,  f,  is  fliarp  and 
hollow  ; on  the  back  part  three  membranaceous  divifions  may  be 
obferved,  by  means  of  which,  and  the  mufcles  contained  in  the 
fnout,  the  infedt  can  at  pleafure  expand  or  contraft  it. 

The  tail  is  conftrufted  and  planned  with  great  fkill  and  wifdom. 
The  extreme  verge,  or  border,  is  furrounded  by  thirty  hairs,  and 
the  Tides  adorned  with  others  that  are  fmaller  ; here  and  there  the 
large  hairs  branch  out  into  fmaller  ones,  which  may  be  reckoned 
as  fingle  hairs.  Thefe  hairs  are  all  rooted  in  the  outer  fkin, 
which  in  this  place  is  covered  with  rough  grains,  as  may  be 
feen  by  cutting  it  off,  and  holding  it  up,  when  dry,  againft  the 
light,  upon  a thin  plate  of  glafs.  By  the  fame  mode  you  will 
find,  that  at  the  extremities  of  the  hairs  there  are  alfo  grains  like 
thofe  of  the  fkin ; in  the  middle  of  the  tail  there  is  a fmall  open- 
ing ; within  it  are  minute  holes,  by  which  the  infedt  takes  in 
and  lets  out  the  air  it  breathes.  The  hairs  are  very  feldom  dif- 
pofed  in  fo  regular  a manner  as  they  are  reprefented  in  Fig.  g,. 
Plate  XI.  except  when  the  infedf  floats  with  the  body  in  the 
water,  and  the  tail  with  it’s  hairs  a little  lower  than  the  furface, 
for  they  are  then  difplayed  exaftly  as  delineated  in  the 
plate.  The  leaf!;  motion  downward  of  the  tail  produces  a con- 
cavity in  the  water,  and  it  then  aflumes  the  figure  of  a wine  glafs, 
wide  at  the  top,  narrow  at  the  bottom, 
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The  tail  ferves  the  larva  both  for  the  purpofes  of  fwimming 
and  breathing,  and  it  receives  through  the  tail  that  which  is  the 
univerfal  principle  of  life  and  motion  in  animals.  By  means  of 
thefe  hairs  it  can  flop  itfelf  at  pleafure  when  fwimming,  or 
remain  fufpended  quietly  in  the  water  for  any  length  of  time. 

The  motion  of  this  infect  in  fwimming  is  very  beautiful,  efpe- 
cially  when  it  advances  with  it’s  whole  body  floating  on  the  fur- 
face  of  the  water,  after  filling  itfelf  with  air  by  the  tail.  To  fet 
out,  it  firff  bends  the  body  to  the  right  or  left,  and  then  contratts 
it  in  the  form  of  the  letter  S,  and  again  ffretches  it  out  in  a 
ffrait  line  : by  thus  alternately  contrafting  and  then  extending  the 
body,  it  moves  along  on  the  furface  of  the  water.  It  is  of  a very 
quiet  difpofition,  and  not  diffurbed  by  handling. 

Thefe  larva  are  generally  to  be  found  in  fhallow  handing 
waters,  about  the  beginning  of  June,  fooner  or  later  as  the  fum- 
mer  is  more  or  lefs  favorable  ; in  fome  feafons  they  are  to  be 
found  in  great  numbers,  while  in  others  it  is  no  eafy  matter  to 
meet  with  them.  They  love  to  crawl  on  the  plants  and  grafs 
which  grows  in  the  water,  and  are  often  to  be  met  with  in  ditches, 
•floating  on  the  furface  of  the  water  by  means  of  their  tail,  the 
head  and  thorax  at  the  fame  time  hanging  down  ; and  in  this 
fituation  they  will  turn  over  the  clay  and  dirt  with  their  fnout  and 
feet  in  fearch  of  food,  which  is  generally  a vifcous  matter  that 
is  common  in  fmall  ponds  and  about  the  fides  ol  ditches.  This 
worm  is  very  harmlefs,  contrary  to  the  opinion  one  might  form 
at  firff  fight,  from  the  furprizing  vibratory  motion  ol  the  legs, 
which  refembles  the  brandifhings  of  an  envenomed  tongue  or  fling 
They  are  moll  eafily  killed  for  dilfe£tion  in  fpirit  of  t-urpentine. 

After 
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After  a certain  period  they  pafs  into  the  pupa  form ; when 
they  are  about  to  change,  they  betake  themfelves  to  the  herbs 
that  float  on  the  furface  of  the  water,  and  creep  gently  thereon, 
till  at  length  they  lie  partly  on  the  dry  furface,  and  partly  on  the 
water  ; when  in  the  larva  or  pupa  hate,  they  can  live  in  water,  but 
can  by  no  means  inhabit  there  when  changed  into  flies  : indeed, 
man  all'o,  whilft  in  the  uterus,  lives  in  water,  which  he  cannot  do 
afterwards.  When  thefe  worms  have  found  a proper  fituation, 
they  by  degrees  contract  themfelves,  and,  in  a manner  fcarce  per- 
ceivable, lofe  all  power  of  moving.  The  inward  parts  of  the 
worm’s  tail  now  feparate  from  the  outmoft  fkin,  and  become 
greatly  contraffed ; this  probably  gives  the  infeft  a great  deal  of 
pain : by  this  contraction,  an  empty  fpace  is  left  in  the  exterior 
fkin,  into  which  the  air  foon  penetrates. 

Thus  this  infeft  paffes  into  the  pupa  ftate  under  it’s  own  fkin, 
entirely  different  from  that  of  the  caterpillar,  which  caffs  off  the 
exterior  fkin  at  this  time ; this  change  may  often  be  obferved  to 
take  place  in  the  fpace  of  ten  or  twelve  hours,  but  in  what  manner 
it  is  performed  we  are  ignorant,  as  it  is  effected  in  a hidden  un- 
known way,  inwardly  within  the  fkin,  which  conceals  it  from  our 
■view. 

Whilft  the  larva  is  changing  under  the  fkin,  the  body,  head, 
and  tail,  feparate  infenfibly  from  their  outward  vefture.  The 
legs  at  this  time,  and  their  cartilaginous  bones,  are,  on  account 
of  the  parts  which  are  withdrawn  from  them,  left  empty ; the 
worm  lofes  alfo  now  the  former  fkull,  the  beak,  together  with 
the  horny  bones  belonging  thereto,  which  remain  in  the  fkin  of 
the  exuvia.  It  is  worthy  of  notice,  that  the  optic  nerves  feparate 
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alfo  from  the  eyes,  and  no  more  perform  their  office.  The  muf- 
clesof  the  rings  alfo  in  like  manner,  and  a great  part  of  the  pul- 
monary points  of  refpiration,  are  feparated  from  the  external 
flcin.  Thus  the  whole  body  contrafts  itfelf  by  degrees  into  a 
fmall  compafi  mafs.  At  this  time  the  gullet  and  the  pulmonary 
tubes  cad  a coat  within  the  fkin.  To  make  this  evident,  it  is 
neceffary  to  open  the  abdomen,  when  the  pupa,  it’s  parts,  to- 
gether with  the  cad  off  pulmonary  pipes,  may  be  clearly  feen. 

An  exacl  account  of  all  the  changes  of  the  interior  parts  is  to 
be  found  in  Swammerdam’s  Book  of  Nature.  Tliefe  changes  are 
bed  examined  by  taking  the  pupa  out  of  the  (kin,  or  outfide  cafe, 
when  it  begins  to  harden  ; f or  as  it  has  not  then  quite  attained  the 
pupa  form,  and  the  members  are  fomewhat  different  from  what 
they  will  be  when  in  that  date,  it  is  more  eafy  to  obferve  their 
refpe&ive  fituation,  than  when  the  pupa  is  fome  days  older,  and 
has  lod  the  greated  part  of  the  fuperfluous  humours.  The  pupa 
is  inclofed  in  a double  garment ; the  interior  one  is  a thin  mem- 
brane, which  inveds  it  very  clofely ; the  other,  or  exterior  one, 
is  formed  of  the  outermod  hard  fkin  of  the  larva,  within  which  it 
performs  it’s  changes  in  an  inviflble  manner : it  is  this  fkin  which 
gives  it  the  appearance  of  the  larva  while  in  the  pupa  date. 

When  the  time  approaches  that  the  hidden  infeft,  now  in  the 
pupa  form  within  it’s  old  covering,  is  to  attain  the  imago,  fly,  or 
perfeff  date,  which  generally  happens  in  about  eleven  days  after 
the  preceding  change,  the  fuperfluous  humours  are  evaporated  by 
infenfible  perfpiration.  The  little  pupa  is  contrafted  unto  the 
fifth  ring  of  the  fkin,  and  the  four  lad  rings  of  the  abdomen  are 
filled  with  air,  through  the  aperture  in  the  refpiratory  orifice  of 
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die  tail.  This  may  be  been  by  expofing  the  pupa  a little  while 
to  the  rays  of  the  fun,  and  then  putting  it’s  tail  in  water,  when 
you  will  find  it  breathe  ftronger  than  it  did  before,  and,  by  ex- 
prefling  an  air-bubble  out  of  it’s  tail,  and  then  fucking  it  in  again, 
will  manifeflly  perform  the  action  of  infpiration  and  exfpiration. 
The  anterior  part  of  the  pupa  is  drawn  back  from  the  fkin,  and 
having  partly  deferted  it,  the  beak,  head,  and  firft  ring  of  the 
breaft,  the  little  creature  lies  ftill,  until  it’s  exhaling  members 
have  acquired  ftrength  to  burft  the  two  membranes  which 
furround  it. 

4 

If  the  exterior  cafe  is  opened  near  this  period,  a wonderful 
variety  of  colour  may  be  perceived  through  the  thin  (kin  which 
inverts  the  pupa.  The  colours  of  many  of  the  different  parts  are 
now  changed;  fome  parts  from  aqueous  become  membranaceous, 
fome  flelhy,  and  others  cruftaceous.  The  whole  body  becomes  in- 
fenfibly  lhaggy,  the  feet  and  claws  begin  to  move  : the  variations 
may  be  accurately  obferved  by  opening  a pupa  every  day  until 
the  time  of  change.  For  this  purpofe  they  fhould  be  laid  on 
white  paper,  in  an  earthen  diflr  ; they  fhould  alfo  be  made  fome- 
what  moirt,  and  be  kept  under  a glafs  ; the  paper  ferves  the  pupa 
to  fix  it’s  claw  to,  when  they  come  forth  in  the  form  of  a fly.  A 
little  water  fhould  be  poured  into  the  difh,  to  keep  the  pupa  from 
drying  and  fuffocation. 

When  the  fly  begins  to  appear,  the  exterior  fkin  is  keen  to 
move  about  the  third  and  fourth  anterior  ring ; the  infedt  then 
ufes  all  it’s  efforts  to  promote  it’s  efcape,  and  to  quit  the  interior 
and  exterior  fkin  at  one  and  the  fame  time.  The  exterior  fkin  is 
divided  into  four  parts  ; the  infedt  immediately  afterwards  breaks 
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open  it’s  inner  coat,  and  calling  it  off,  efcapes  from  the  prifon  in 
which  it  was  entombed,  in  the  form  of  a beautiful  fly.  It  is  to  be 
obferved  here,  that  there  is  nothing  accidental  in  the  breaking  of 
the  outermofl  (kin ; but  it  is  perfe&ly  ordained  by  a conftant 
order,  always  happening  in  the  fame  manner  in  all  thefe  changes : 
the  fkin  alfo  is,  in  thofe  places  where  it  is  broke  open,  fo  circum- 
ftanced  by  the  Author  of  nature,  as  if  joined  together  by  futures. 

When  the  wings  are  expanded,  the  little  creature  immediately 
enters  into  another  (late  of  life : for  the  infeft  that  lived  before 
in  water  and  mud,  now  vifits  the  fields  and  meadows,  being 
tranfoorted  through  the  air  on  it’s  elegant  wings.* 

The  larva  a queue  de  rat  f (mufca  pendula,  Lin.)  is  alfo  trans- 
formed under  the  fkin,  which  hardens,  and  forms  a cafe  or 
general  covering  to  the  pupa : two  horns  are  puflied  out,  while  it 
is  in  this  flate,  from  the  interior  parts  ; they  ferve  the  purpofe  of 
refpiration : this  larva  will  be  more  particularly  defcribed  in  a 
fubfequent  part  of  this  chapter. 

The  infefls  in  this  clafs,  that  is,  thofe  that  pafs  into  the  pupa 
flate  under  the  fkin  of  the  larva,  go  through  a change  more 
(according  to  M.  de  Reaumur)  than  the  caterpillar,  undergoing 
a change  while  under  their  fkin,  before  they  aflume  the  pupa 
form. 

The  aquatic  larva  of  the  mufca  chameleon  retains  it  s form  to 
the  lafl ; but  there  are  many  infers  that  are  transformed  under 
v their 

* Swammerdam’s  Book  of  Nature,  pt.  2,  p.  58. 

+ Reaum.  8vo.  edit.  tom.  4,  pt.  2,  11  mem.  p.  199,  plate  30  and  31. 
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their  fkin,  which  form  a cone  or  cafe  for  the  pupa.  In  thefe 
the  larva  lofes  firft  it's  length ; the  body  becoming  fhorter, 
afliimes  the  figure  of  an  egg ; and  the  fkin  forms  a hard  and  cruf* 
taceous  cafe,  or  folid  lodging,  for  the  embryo  infedh 

Of  the  Libellula. 

In  the  libellula,  or  dragon  fly,  we  have  an  inftance  of  thofe  in- 
fers who  are  termed  in  the  pupa  ftate  femicompleta,  that  is,  who 
proceed  from  the  egg  in  the  figure  which  they  preferve,  till  the 
time  comes  of  affuming  their  wings,  and  who  walk,  a6t,  and  eat, 
as  well  till  that  period  as  afterwards. 

Of  all  the  flies  which  adorn  or  diversify  the  face  of  nature, 
there  are  few,  if  any,  more  beautiful  than  the  libellula : “ they 
are  almoft  of  all  colours,  green,  blue,  crimfon,  fcarlet,  and 
white ; fome  unite  a variety  of  the  moll  vivid  tints,  and  exhibit, 
in  one  animal,  more  different  fhades  than  are  to  be  found  in  the 
rainbow.”  The  larva  of  the  libellula  is  an  inhabitant  of  the 
water,  the  fly  itfelf  is  generally  found  hovering  on  the  borders 
thereof. 

Thefe  infedts  are  produced  from  an  egg  which  is  depofited  in 
the  water  by  the  parent ; the  egg  finks  to  the  bottom,  and  re- 
mains there  till  the  young  infedl  finds  flrength  to  break  the  {hello 
The  larva  is  hexapode,  and  is  not  quite  fo  long  as  the  fly ; on 
the  trunk  are  four  prominencies,  or  little  bunches,  which  become 
more  apparent,  in  proportion  as  the  larva  increafes  in  fize  and 
changes  it’s  fkin.  Thefe  bunches  contain  the  rudiments  of  the 
wings,  which  adorn  the  infedl  when  in  it’s  perfeci  fi ate. 
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The  head  of  the  larva  of  this  infe&is  exceedingly  ftngular,  being 
covered  with  a mafk  which  goes  over  the  whole  fore  part  of  the 
head,  having  proper  cavities  within  to  fuit  the  different  pro- 
minencies of  the  face,  and  fits  it  more  exadlly  than  the  common 
mafk  does  the  human  face ; it  is  of  a triangular  form,  growing 
fin  alter  towards  the  bottom : at  the  bottom  there  is  a knuckle 
which  fits  a cavity  near  the  neck ; on  this  part  it  turns  as  on  a 
pivot.  The  upper  part  of  this  mafk  is  divided  into  two  pieces, 
or  fhutters,  which  the  infecf  can  open  or  clofe  at  pleafure ; it  can 
alfo  let  down  the  whole  mafk  whenever  it  pleafes.  The  edges 
of  the  fhutters  are  toothed  like  a faw.  It  makes  ufe  of  the  mafk 
to  feize  and  hold  it’s  prey. 

There  is  a confiderable  difference  in  the  fhape  of  thefe  mafks  in 
different  fpecies  of  the  libellula,  fome  having  two  claws  near  the 
top  of  it,  which  they  can  throw  in  or  out  at  pleafure,  and  which 
make  it  a very  formidable  inftrument  to  the  infers  on  which  it 
feeds. 

Thefe  animals  generally  live  and  feed  at  the  bottom  of  the 
water,  fwimming  only  occafionally ; their  manner  of  fwimming, 
or  rather  moving  in  the  water,  is  curious,  being  by  fudden  jerks 
giyen  at  intervals ; but  this  motion  is  not  oceafioned  by  their 
legs,  which  at  this  time  are  kept  immoveable  and  clofe  to  the 
body : it  is  by  forcing  out  a ftream  of  water  from  the  tail,  that 
the  body  is  carried  forwards ; this  may  be  eafily  perceived  by 
placing  them  in  a flat  veffel,  in  which  there  is  only  juft  water 
enough  to  cover  the  bottom.  Here  the  aftion  of  the  water  fquirted 
from  their  tail  will  be  very  vifible  ; it  will  occafion  a fmall  current, 
and  give  a fenfible  motion  to  any  light  bodies  that  are  lying  on 
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the  furface  thereof.  This  aftion  can  only  be  effe&ed  at  intervals, 
becaule  after  each  ejaculation  the  infeft  is  obliged  to  take  a frelh 
fupply  of  water.  The  larva  will  fometimes  turn  it’s  tail  above  the 
lurface  of  the  water,  and  force  out  a fraall  dream  from  it,  as  from 
a little  fountain^  and  with  confiderable  force. 

The  pupa  differs  but  very  little  from  the  larva;  the  bunches, 
containing  the  wings,  grow  large,  and  begin  to  appear  like  four 
fhort  thick  wings.  It  is  full  as  lively  as  the  larva,  feeking  and 
enjoying  it's  food  in  the  fame  manner:  when  it  is  arrived  at  it’s 
full  growth,  and  is  nearly  ready  to  go  through  it’s  laft  change, 
it  approaches  the  edge  of  the  water,  or  comes  entirely  out  of  it, 
fixing  itfelf  firmly  to  fome  piece  of  wood  or  other  fubflance  by 
it’s  acute  claws.  It  remains  for  fome  time  immoveable  ; the  Ikin 
then  opens  down  the  back,  and  on  the  head  ; through  this  open- 
ing they  exhibit  the  real  head  and  eyes,  and  at  length  the  legs  ; 
it  then  creeps  forward  by  degrees,  drawing  it’s  wings,  and  then 
the  body,  out  of  the  Ikin.  The  wings,  which  are  moift  and  folded, 
now  expand  themfelves  to  their  real  fize  ; the  body  is  alfo  ex- 
tended till  it  has  gained  it’s  proper  dimenlions,  which  extenfion 
is  accomplifhed  by  the  propelling  force  of  the  circulating  fluids. 
When  the  wings  and  limbs  are  dry,  it  enters  on  a more  noble 
ffate  of  life,  it  now  wings  the  air  and  leeks  it’s  mate. 

What  terms  expreffive  may  relate 

The  change,  the  fplendor  of  their  new-form'd  hate  ! 

In  ev’ry  eye  ten  thoufand  brilliants  blaze, 

And  living  pearls  the  vaft  horizon  gaze  ; 
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Gemm’d  o’er  their  heads,  the  mines  of  India  gleam. 

And  heaven’s  own  wardrobe  has  array’d  their  frame  ; 

Where  colours  blend  an  ever-varying  dye. 

And  wanton  in  their  gay  exchanges  vie. 

The  females  of  the  gall  infeff,  which  have  no  wings,  pals 
through  no  transformation  ; while  the  male,  which  has  two  wings, 
paffes  through  the  pupa  Hate  before  it  becomes  a fly.  The  only 
change  which  takes  place  in  the  female  gall  infeft  (and  which  is, 
however,  a very  conliderable  one)  is  this,  that  after  a certain 
time  it  fixes  itfelf  to  the  branch  of  the  tree,  without  being  able  to 
detach  itfelf;  it  afterwards  increafes  much  in  fize,  and  becomes 
like  a true  gall ; the  female,  by  remaining  thus  fixed,  for  the 
greater  part  of  her  life,  to  the  place  where  fhe  was  fir/l  feen,  has 
very  little  the  appearance  of  an  animal ; it  is  in  this  period  of  their 
life  that  they  grow  mod,  and  produce  their  young,  while 
they  appear  a portion  of  the  branch  they  adhere  to ; and  what  is 
more  fingular,  the  larger  they  grow  the  lefs  they  look  like  ani- 
mals, and  while  they  are  employed  in  laying  thoufands  of  eggs, 
one  would  take  them  for  nothing  but  mere  galls.  The  genera 
of  gall  infefts  is  very  extenfive ; they  are  to  be  found  on  almofl 
every  fhrub  and  tree. 

The  pucerons,  to  arrive  at  their  perfect  Hate,  pafs  through 
that  of  the  femicomplete  pupa,  and  their  wings,  do  not  appear 
till  they  have  quitted  their  pupa  ftate ; but  as  in  all  the  families  of 
pucerons  there  are  many  who  never  become  winged,  we  muff  not 
forget  to  obferve,  that  thefe  undergo  no  transformation,  re- 
maining always  the  fame,  without  changing  their  figure,  though 
they  increafe  in  fize,  and  change  their  fkin.  It  is  remarkable, 
4 that 
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that  amongft  infefts  of  the  fame  hind  fome  individuals  fhould  be 
transformed,  while  others  are  not  at  all  changed : thefe  infers 
will  be  confidered  more  fully  in  another  part  of  this  chapter. 

Mr.  Reaumur  * has  (hewn  that  the  fpider  fly  (hyppobofca 
equina,  Lin.)  lays  fo  large  an  egg,  that  the  fly  which  proceeds 
from  it  is  as  big  as  the  mother,  though  the  egg  does  not  increafe 
the  leafl  in  fize  from  the  time  it  is  firft  laid.  The  infect  pro- 
ceeds alfo  from  the  egg  in  the  imago,  or  fly  ftate  ; it  is  probably 
transformed  in  the  egg,  for  Mr.  Reaumur  has  found  it  in  the 
pupa  ftate  therein,  and  having  boiled  fome  of  their  eggs  which 
had  been  laid  for  fome  days,  he  found  the  infedt  in  the  form  of 
an  oval  ball,  fimilar  to  that  the  pupa  of  flies  with  two  wings  are 
generally  found  in.  De  Geer  thinks  that  the  egg  itfelf  is  a true 
larva,  which,  when  it  is  born,  has  nothing  elfe  to  do  but  to  dif- 
engage  it’s  limbs,  &c.  from  the  fhell  which  covers  it ; and  he 
thinks  this  the  more  probable,  becaule  there  is  no  embryo 
feen  in  this  egg,  but  it  is  entirely  filled  with  the  infedl: 
he  has  alfo  perceived  a contra&ing  and  dilating  motion  in 
the  egg,  while  it  was  in  the  belly  of  the  mother,  and  imme- 
diately after  it  was  lain ; circumftances  which  do  not  agree  with 
a fimple  egg. 

As  Mr.  Bonnet  t has  attempted  to  give  a theory  of  thefe  various 
changes,  the  following  extradf  from  it  will,  I hope,  prove  agreeable 
to  the  reader;  it  will  at  leaft  tend  to  render  his  ideas  of  this  won- 
derful fubjedt  clearer,  and  will  probably  open  to  his  mind  many 
new  fources  of  contemplation. 

F f 2 An 

* Reaumur,  tom.  6,  mem.  14. 

Bonnet  Coniiderations  fur  les  corps  organifes.  Contemplation  of  Nature,  &c. 


Microscopical  Essays. 


236 

An  infed  that  mud  caft  off  it’s  exuvia,  or  moult  five  times  be- 
fore it  attains  the  pupa  fiate,  may  be  confidered  as  compofed  of 
five  organized  bodies,  inclofed  within  each  other,  and  nourifhed 
by  common  vifcera,  placed  in  the  center : what  the  bud  of  the 
tree  is  to  the  invifible  buds  it  contains,  fuch  is  the  exterior  part 
of  the  caterpillar  to  the  interior  bodies  it  conceals  in  it’s  bofom. 

Four  of  thefe  bodies  have  the  fame  effential  ftrudure,  namely, 
that  which  is  peculiar  to  the  infed  in  it’s  larva  or  caterpillar  fiate 
the  fifth  body  is  that  of  the  pupa.  The  refpedive  fiate  of  thefe 
bodies  is  in  proportion  to  their  difiance  from  the  center  of  the 
animal ; thofe  that  are  fartheft  off  have  moil  confiffence,  or  un- 
fold themfelves  fooneft. 

When  the  exterior  body  has  attained  it’s  full  growth,  that  in- 
terior one  which  is  next  in  order  is  confiderably  unfolded ; it  is. 
then  lodged  in  too  narrow  a compafs,  therefore  it  firetehes  on  all 
Tides  the  (heath  which  covers  it ; the  veffels  which  nourifn  the  ex- 
ternal covering,  being  broken  by  this  violent  diftenfion,  ceafe  to 
ad,  the  fkin  wrinkles  and  dries  up  ; at  length  it  opens,  and  the 
infed  is  cloathed  with  a new  fkin,  and  new  organs. 

The  infed  generally  fafts  for  a day  or  two  preceding  each 
change ; this  is  probably  occafioned  by  the  violent  fiate  in  which 
it  then  is,  or  it  may  be  neceffary  to  prevent  obfirudions,  &c.  let 
this  be  as  it  may,  the  infed  is  always  very  wTeak  after  it  has 
changed  it’s  fkin,  the  parts  being  as  yet  affeded  by  the  exertions 
they  have  gone  through.  The  fcaly  parts,  as  the  head  and  legs, 
are  almoft  entirely  membranaceous,  and  imbrued  with  a fluid 
that  infinuates  itfelf  between  the  two  fkins,  and  thus  facilitates 
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their  reparation ; this  moiflure  evaporates  by  degrees,  all  the 
parts  acquire  a confidence,  and  the  infe6l  is  then  in  a condition 

to  a£h 

The  find  ufe  that  foine  caterpillars,  who  live  on  leaves,  make 
of  their  new  form,  is  to  devour  greedily  their  exuvia  ; fometimes 
they  do  not  wait  till  their  jaws  have  acquired  their  full  drength  ; 
fome  have  been  feen  to  gnaw  the  died  from  which  they  pro- 
ceeded, and  even  the  eggs  of  fuch  caterpillars  as  have  not  been 
hatched. 

When  we  have  once  formed  the  idea  that  all  the  exterior  parts 
are  inlaid,  or  included  one  within  the  other,  the  produ&ion  of 
new  organs  does  not  appear  fo  embarrading,  being  nothing  more 
than  a fimple  developement ; but  it  is  more  difficult  to 
form  any  conception  of  the  changes  that  happen  in  the  vifcera 
before  and  after  the  transformation,  the  various  modifications 
thev  undergo  eluding  our  refearches.  We  have  already  obferved, 
that  a little  before  the  change  the  caterpillar  rejefts  the  membrane 
that  lines  the  intedinal  bag  : this  bowel  has  hitherto  digefied 
onlv  grofs  food,  whereas  it  mud  hereafter  diged  that  which  is-  • 
verv  delicate  : a fluid  that  circulates  in  the  caterpillar,  from  the 
hind  part  towards  the  head,  circulates  a contrary  way  after  trans- 
formation. Now  if  this  inverfion  is  as  real  as  obfervation  feems 
to  indicate,  how  amazing  the  change  the  interior  parts  of  the  ani- 
mal mud  have  undergone  ! When  the  caterpillar  moults,  fmalll 
cluders  of  the  tracheal  veffels  are  caff  off  with  the  exuvia,  and 
new  ones  are  fubdituted  in  their  room  ; but  how  is  this  effe&ed, 
how  are  the  lungs  replaced  by  other  lungs?  The  more  we 
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endeavour  to  invefligate  this  fubjedl,  the  more  we  find  it  is 
enveloped  in  darknefs, 

Whilft  the  powers  of  life  are  employed  conformable  to  the 
laws  of  Divine  Providence,  to  change  the  vifeera,  and  give  them  a 
new  form,  they  are  alfo  unfolding  divers  other  organs,  which  were 
ufelefs  to  the  infedl  while  in  the  larva  ffate,  but  which  are 
necellary  to  that  which  fucceeds.  That  thefe  interior  operations 
of  life  may  be  carried  on  with  greater  energy,  the  animal  is 
thrown  into  a kind  of  deep ; during  this  period,  the  corpus 
craffum  is  difiributed  into  all  the  parts,  in  order  to  bring  them 
to  .perfedtion,  while  the  evaporation  of  the  fuperfluous  humours 
makes  way  for  die  elements  of  the  fibres  to  approach  each  other, 
and  unite  more  clofely.  The  little  wounds  in  the  infide,  which 
have  been  occafioned  by  the  rupture  of  the  veffels,  are  gradually 
confolidated  ; thofe  parts  which  had  been  violently  exereifed, 
recover  their  tone,  and  the  circulating  fluids  infenfibly  find  their 
new  channel.  Laftly,  many  veffels  are  effaced,  and  turned  into 
a liquid  fediment,  which  is  rejected  by  the  perfedl  infedL 

When  thefe  various  changes  are  confidered,  we  are  furprized 
at  the  fingularity  of  the  means  the  Author  of  nature  has 
made  choice  of,  in  order  to  bring  the  different  fpecies  of  animals 
to  perfedlion  ; and  are  apt  to  afk,  why  the  caterpillar  was  not 
born  a moth?  why  it  paffes  through  the  larva  and  pupa  ffate? 
why  all  infedls  that  are  transformed  do  not  undergo  the  fame 
change  ? Thefe,  and  a variety  of  queflions  that  may  be  flarted 
concerning  the  effe  and  effence  of  thofe  exiftences  which  appear 
before  us,  derive  their  folution  from  the  general  fyfiem  which  is 
unknown  to  us.  If  all  were  to  arrive  at  perfedlion  at  once,  the 
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chain  would  be  broken,  the  creature  unhappy,  and  man  moft 
of  all. 

Amongft  infefts,  fome  are  produced  fuch  as  they  will  be 
during  their  whole  lives  ; others  come  forth  inclofed  in  an  egg, 
and  are  hatched  from  this  in  a form  that  admits  of  no  variation-; 
many  come  into  the  world  under  a form  which  differs  but  little 
from  that  which  they  have  when  arrived  at  an  age  of  maturity ; 
fome  again  affume  various  forms,,  that  are  more  or  lefs  remote 
from  that  which  conflitutes  their  perfe6f  ftate ; lafily,  fome  gp 
through  part  of  thefe  transformations  in  the  belly  of  the  mother, 
and  are  born  of  an  equal  fize  with  their  parent. 

By  thefe  various  changes,  a fingle  individual  unites  within  itfelf 
two  or  three  different  fpecies,  and  becomes  fucceffively  the  in- 
habitant of  two  or  three  worlds : and  how  great  is  the  diverfity 
of  it’s  operation  in  thefe  various  abodes ! Let  us  alfo  confider 
what  riches  we  fhould  have  been  deprived  of,  if  the  filk-worm 
had  been  born  in  it’s  perfedf  ftate. 

Since  it  has  been  fhewn  that  the  larva  or  caterpillar  is  really 
the  moth,  crawling,  eating,  and  fpinning,  under  the  form  of  the 
worm,  and  that  the  pupa  is  only  the  moth  fwathed  up,  it  is 
clear  that  they  are  not  three  felfs,  or  three  perfons,  but  that  the 
fame  individual  feels,  taftes,  fees,  and  a6ts  by  different  organs,  at 
different  periods  of  it’s  life,  having  fenfations  and  wants  at  one 
time,  which  it  has  not  at  another;  thefe  wants  and  fenfations 
always  bearing  a relation  to  the  organs  which  excite  them. 
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On  the  Respiration  of  Insects. 

As  refpiration  is  one  of  the  moft  important  aflions  in  the  life  of 
every  animal,  great  pains  have  been  taken  by  many  naturalifls  to 
inveffigate  the  nature  of  this  aftion  in  infebts ; to  prove  it’s  exift- 
ence,  and  explain  in  what  manner  it  is  carried  on.  Malphigi, 
Swammerdam,  Reaumur,  and  Lyonet,  have  difcovered  in  the 
caterpillar  two  air-veffels  placed  the  whole  length  of  the  infeft, 
thefe  they  have  called  the  tracheae ; they  have  alfo  fhewn  that  an 
infinite  number  of  ramifications  proceed  from  thefe,  and  are  difi- 
perfed  through  the  whole  body  ; that  the  tracheal  veffels  communi- 
cate with  particular  openings  on  the  fkin  of  the  caterpillar, 
termed  fpiracula ; there  are  nine  of  thefe  on  each  fide  of  the 
body.  Thefe  veffels  feem  calculated  for  the  reception  of  air ; 
they  contain  no  fluids,  are  of  a cartilaginous  nature,  and  when 
cut  preferve  their  figure,  and  exhibit  a well-terminated  opening. 
Notwithflanding  this  difcovery,  the  exiffence  of  refpiration  has 
not  been  proved  in  many  fpecies  of  infefts,  and  the  mechanifm 
thereof  is  very  obfcure  in  all ; and  it  is  no  more  furprizing,  that 
refpiration  does  not  exi ft  in  the  embryo  ffate  of  infcdfs,  than  in 
that  of  other  animals,  where  we  find  that  refpiration,  which  after 
their  birth  is  abfblutely  necefliiry  for  their  exiffence,  to  be  by  no 
means  fo  before  it. 

M.  de  Reaumur  thought  that  the  air  entered  by  the  fpiracula 
into  the  trachea,  but  did  not  come  out  by  the  fame  orifice,  and 
confequently  that  the  refpiration  of  infefis  was  carried  on  in  a 
manner  totally  different  from  that  of  other  animals,  that  the  air 
was  exfpired  through  a number  of  fmall  holes,  or  pores,  which 
are  to  be  found  in  the  fkin  of  the  caterpillar,  after  having  been 
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conduced  to  them  through  the  extremities  of  the  finer  ramifica- 
tions of  the  tracheal  veftels : whereas  M.  Bonnet,  in  confequence 
of  a great  variety  of  experiments,  fuppofed  that  the  infpiration 
and  exfpiration  of  the  air  was  through  the  fpiracula,  and  that 
there  was  no  exfpiration  of  air  through  the  pores  of  the  (kin. 
Thefe  experiments  were  made  either  by  plunging  the  caterpillars 
into  water,  or  anointing  them  with  fat  and  greafy  fubftances^ 
fome  all  over,  others  only  partially.  The  number  of  fmall  bub- 
bles which  are  obferved  to  cover  the  furface  of  their  bodies,  when 
they  are  immerged  in  water,  does  not  arife  from  the  air  which 
is  included  within,  and  then  proceeding  from  them,  but  they  are 
formed  by  the  air  which  is  lodged  near  the  furface  of  their  bodies 
in  the  fame  manner  that  it  is  about  all  other  fubltances.  rl  o ren- 
der the  experiments  more  accurate,  and  prevent  the  air  from 
adhering  to  the  (kin,  before  he  plunged  the  caterpillars  in  water 
he  always  brufhed  them  over  with  an  hair  pencil  ; after  this,  very 
few  air  bubbles  will  be  found  on  their  bodies  when  they  are  im- 
merged in  water. 

A caterpillar  will  remain  a confiderable  time  under  water, 
without  deftroying  the  principle  of  life;  and  they  alfo  recover,  in 
general,  foon  after  they  are  taken  out.  To  know  whether  a few 
only  of  the  fpiracula  might  not  be  fufficient  for  the  purpofes  of 
refpiration,  he  plunged  fome  partially  in  water,  fo  that  only  two 
or  more  fpiracula  remained  in  the  open  air : in  thefe  cafes  the 
caterpillar  did  not  become  torpid  as  it  did  when  they  were  all 
immerged  in  water. 

One  caterpillar,  upon  which  M.  Bonnet  made  his  experiments, 
lived  eight  days  fufpended  in  water,  with  only  two  of  it’s  anterior 
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fpiracula  in  the  air  ; during  this  time  he  obferved,  that  when  the 
infed  moved  itfelf,  little  dreams  of  bubbles  iffued  from  the  ante- 
rior fpiracula  on  the  left  fide ; from  this  and  many  other  experi- 
ments it  appeared  to  him,  that  amongd  all  the  eighteen  fpiracula, 
the  two  anterior  and  the  two  pofterior  are  of  the  greateft  ufe  in 
. refpiration.*  Sometimes,  when  the  mouths  of  thefe  have  been 
Hopped  with  oil,  the  caterpillar  has  fell  into  convulfions.  If  the 
poderior  part  has  been  oiled,  that  part  will  become  paralytic. 
Notwithftanding  thefe  experiments,  and  many  more  which  have 
been  made,  the  fubjeft  is  far  from  being  decided,  and  many  dill 
doubt  whether  there  is  any  refpiration  in  infers  fimilar  to  our’s, 
at  lead  at  certain  periods  of  their  life. 

This  opinion  feems  to  be  further  confirmed  by  the  experiments 
of  M.  Lyonet.  He  placed  feveral  of  the  large  muflc  beetle, 
probably  the  cerambyx  mofchatus,  under  a glafs,  where  he  had 
been  burning  fulphur,  and  which  he  kept  burning  while  they 
were  there ; and  though  the  vapour  was  fo  thick  that  he  could 
not  fee  them,  and  that  he  kept  them  therein  more  than  half  an 
hour,  they  did  not  feem  in  the  lead  incommoded,  f 

When  we  confider  the  great  folidity  of  the  cafes,  or  cones,  of 
the  pupas  of  different  infers,  it  is  not  eafy  to  conceive  how  they 
can  live  feveral  months  under  the  earth,  in  fpaces  fo  confined, 
and  almod  impervious  to  the  air.  If  refpiration  was  abfolutely 
neceffary  to  their  exidence,  and  indeed  if  they  did  refpire,  the 
fame  dtuation  feems  to  preclude  a continuance  of  the  operation, 
as  the  air  would  foon  be  corrupted,  and  unfit  for  the  offices  of 

life. 

* Philof.  Tranf.  vol.  xlv.  p.  300. 

+ Lefler  Theologie  des  Infe&es,  tom.  1,  p.  124.  Ibid,  p,  126. 
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life.  As  the  trachea  are  divided  and  fubdivided  to  a prodigious 
degree  of  minutenefs,  it  has  been  conjeclured  by  fome  writers, 
that  they  may  act  as  fo  many  fieves,  which,  by  reparations  pro- 
perly contrived,  filtrate  the  air,  and  fo  furnifh  it  to  the  body  of 
different  degrees  of  purity  and  fubtilty,  agreeable  to  the  purpofes 
and  nature  of  the  various  parts.  The  experiments  that  have  been 
made  with  the  air-pump  are  by  no  means  conclufive ; the  injury 
the  infedt  fuftains  when  the  atmofpheric  preffure  is  taken  from  the 
body,  does  not  prove  that  it  infpired  and  exfpired  the  air  that  we 
have  removed ; it  only  (hews  that  an  incumbent  preffure  is 
neceffary  to  their  comfortable  exiftence,  as  it  prevents  the  fluids 
from  difengaging  themfelves  in  an  aerial  form,  and  as  it  counter- 
balances and  re-adls  on  the  principle  of  life,  and  by  keeping  the 
adlion  thereof  in  proper  tone  and  order,  confines  and  regulates 
it’s  energies. 

Though  it  is  difficult  to  afcertain  whether  fome  infeds  refpire, 
at  lead  at  certain  periods  of  their  exiftence,  yet  there  are  others 
to  whom  the  infpiration  and  exfpiration  of  air  feems  abfolutely 
neceffary  : there  are  many  aquatic  infedls  who  are  obliged  to  keep 
their  tails  fufpended  on  the  furface  of  the  water  for  this  purpofe. 
To  prove  this,  keep  the  tail  under  water,  and  you  will  perceive 
the  infefl  to  be  agitated  and  uneafy,  and  to  feek  for  fome  open- 
ing to  expofe  this  part  to  the  air ; if  it  finds  none,  it  foon  goes 
to  the  bottom  and  dies.  Some  aquatic  beetles  refill  the  trial  for 
a confiderable  time,  while  their  larva  can  only  fupport  it  for  a few 
minutes.  There  is  a circumffance  which  renders  all  experiments 
on  this  fubjedl  with  infedls  doubtful  and  difficult,  namely,  the  vaff 
tenacioufnefs  of  the  life  principle  in  the  lower  orders  of  animated 
nature,  and  it’s  diffemination  through  their  whole  frame. 
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M.  Mufchenbrock  inclofed  the  pupa  of  a moth  in  a glafs  tube, 
nearly  of  the  fame  fize  with  the  moth  itfelf. 


The  end  A of  the  tube  was  drawn  out  into  a capillary  form, 
the  other  end  was  covered  with  a piece  of  wet  bladder,  to  exclude 
the  air;  the  capillary  end  was  then  plunged  in  water,  which  rofe 
to  D.  He  placed  the  capillary  part  of  the  tube  before  a rriicro- 
fcope,  on  a fmall  micrometer,  in  order  to  obferve  any  motion  or 
change  in  the  fituation  of  the  water ; as  it  is  evident  the  exfpira- 
tion  or  infpiration  of  air  by  the  infe£t  would  make  it  rife  or  fall 
alternately. 

In  the  firft  experiment  he  obferved  a fmall  degree  of  motion  at 
diftant  intervals,  not  above  two  or  three  times  in  an  hour ; in  a 
fecond  experiment  on  another  fubje6I,  he  could  obferve  no 
motion  at  all.  He  then  placed  fome  pupas  under  the  receiver  of 
an  air-pump,  in  water  which  he  had  previoufly  purged  of  it’s  air; 
on  exhauftino;  the  air  from  the  receiver,  he  obferved  one  bubble 
to  arife  in  a part  near  the  tail,  and  a few  near  the  wings.  The 
pupa  did  not  fwell  under  the  operation  ; on  the  contrary,  on 
letting  in  the  air,  it  was  found  to  be  diminilhed  in  a fmall  degree, 
but  in  lefs  than  a quarter  of  an  hour  it  recovered  it’s  former 
figure.  Mr.  Martinet  publifhed  at  Leyden,  in  1753,  a difierta- 
tion,  in  which,  it  is  faid,  he  has  clearly  proved,  by  a number  of 
experiments,  that  the  pupa  of  the  caterpillar  and  fome  other 
infe&s  do  not  refpire  : I have  not  feen  the  work. 
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Among  the  infefts  in  which  the  refpiration  feems  to  be  mod 
clearly  proved,  is  the  larva  a queue  de  rat  (mufca  pendula,  Lin.) ; 
thefe  live  under  water  in  the  mud,  to  which  they  affix  themfelves  ; 
though  they  live  under  water,  the  refpiration  of  freffi  air  is  neceffary 
to  their  exigence  j for  this  purpofe  they  are  furnifned  with  a tail, 
which  often  appears  of  an  exceffive  length  relative  to  their  body  ; the 
body  is  feldom  more  than  three  quarters  of  an  inch  in  length,  while 
the  tail  is  frequently  more  than  four  inches  ; it  is  compofed  of  two 
tubes,  which  run  one  into  the  other,  fomething  fimilar  to  the 
tubes  of  a reflating  telefcope.  Befides  this,  the  materials  of 
which  the  tubes  are  compofed  are  ca'pable  of  a great  degree  of 
extenfion.  When  the  tail  is  at  it’s  full  length,  it  is  exceeding 
fmall,  not  being  larger  near  the  extremity  than  a horfe-hair ; 
there  is  a little  knob  at  the  end,  which  is  furnifhed  with  fmall 
hairs,  to  extend  on  the  water,  fomething  fimilar  to  thofe  at  the 
tail  of  the  mufca  chameleon.. 

In  the  body  of  the  larva  are  two  large  tracheal  veflels  ; thefe 
air-veflels  extend  from  the  head  to  the  tail,  and  terminate  in  the 
refpiring  tubes,  and  receive  the  air  from  them.  The  larva  quits 
the  water  when  the  time  of  it’s  transformation  approaches,  and 
enters  in  the  earth,  where  the  fkin  hardens  and  forms  a cafe,  in 
which  the  pupa  is  formed;  loon  after  the  change,  four  tubes,  or 
horns,  are  feen  projecting  from  the  cafe : thefe  M.  de  Reaumur 
fuppofes  to  be  organs  for  communicating  air  to  the  interior  parts 
of  the  infeft ; they  are  connected  with  little  bladders  which  are 
found  filled  with  air,  and  by  which  it  is  conveyed  to  the  fpiracula 
of  the  pupa.  The  larva  of  gnats,  and  other  fmall  aquatic  infedls 
of  the  fame  kind,  are  furnifhed  with  fmall  tubes,  that  play  on 
the  furface  of  the  water,  and  convey  the  air  from  thence  to  the 
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infeft.  Many  other  (ingularities  are  to  be  found  among  the 
aquatic  larva. 

The  reader  will  not,  I hope,  be  difpleafed  with  another  account 
of  the  mufca  pendula,  drawn  up  by  a naturalifl  who  knew  how  to 
render  every  fubjeft;  interefting,  but  more  particularly  thofe  of 
this  fcience.  “ Being  out,  fays  he,  on  an  excurfion  with  fome 
friends,  we  were  (truck  with  the  appearance  of  a little  puddle  of 
reddifh  water,  the  furface  of  which  was  in  continual  motion ; on 
taking  up  fome  of  this  water,  we  found  a number  of  dirty  (hape- 
lefs  animals,  which  had  much  the  appearance  of  a common  mag- 
got, but  much  uglier ; they  were  brown,  thick,  and  (hort,  and 
fumifhed  with  tails.  I ordered  them  to  be  laid  down  on  the  grafs, 
and  difpatched  a fervant  for  fome  clear  water,  and  then  began  to 
explain  their  nature,  origin,  and  properties. 

<£  I had  often  informed  my  companions  that  none  of  the  winged 
infefts  were  hatched  in  their  perfect  (late  from  the  egg,  but  that 
they  all  are  firft  produced  in  the  form  of  worms,  maggots,  or 
caterpillars  ; or,  in  other  words,  covered  with  (kins,  under  which 
they  live,  move,  and  eat,  and  have  the  appearance  of  very 
different  animals  from  their  parents ; they  were  not,  therefore, 
furprized,  when  I informed  them  that  the  creatures  before  us 
were  not  in  their  ultimate  (late,  but  were  the  produce  of  the  bee 
fly,  an  infeft  refembling  the  common  humble  bee  in  form,  (izc, 
and  colour,  but  having  only  two  wings ; whereas  the  bee  has 
four,  and  a (ling,  which  is  wanting  to  the  fly. 

/ 

“ This  fly  is  inftrufted  by  the  Univerfal  Guide  and  Guardian  of 
nature,  to  lay  it's  eggs  about  the  edges  of  the  water.  It’s  young, 
5 while 
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while  in  the  worm  hate,  are  to  live  and  feed  in  water ; but  the 
female  parent  cannot  depofit  her  eggs  in  that  element  without 
perifhing  in  the  attempt.  She  lays  them  on  dry  land,  near  the 
proper  place  of  refidence  of  her  young,  and  they  are  inftrufted 
by  the  fame  Guide  to  place  them  in  fuch  a fituation,  that  as  foon 
as  they  are  hatched  they  make  their  way  to  the  water ; and 
finally,  when  they  have  acquired  their  full  growth,  and  the  animal 
within  is  ready  toburft  forth  into  a new  life,  and  enjoy  the  regions 
of  the  air,  it  again  quits  the  water,  that  this  great  event  may  be 
finifhed  at  land. 

“ As  the  fervant  was  now  returned  with  a little  water,  I juft  ob- 
ferved,  that  though  refpiration  is  neceflary  to  all  animal  life,  yet  it 
is  varioufly  performed  in  the  feveral  fpecies ; and  that  thus,  while 
man  and  the  generality  of  other  animals  refpired  by  the  mouth, 
this  creature  does  it  by  the  tail.  The  infefts  we  were  examining 
were  about  half  an  inch  long,  and  their  tails  near  an  inch : I 
proportioned  the  water  in  the  glafs  to  this  meafure  in  depth,  and 
on  our  throwing  fome  of  them  into  it,  their  bodies  naturally  funk 
with  the  head  downwards,  and  while  they  feemed  fearching  after 
food  about  the  bottom,  the  extremities  of  their  tails  were  feen  juft 
above  the  water,  and  in  continual  motion. 

((  My  companions,  who  have  long  fince  learnt  to  make  every 
obfervation  of  this  kind  a fource  of  adoration  to  the  fupreme 
creator,  difpofer,  and  preferver  of  all  things,  were  admiring  the 
care  of  his  providence  in  contriving  thus  amazingly  that  a poor 
reptile  fhould  not  be  fuffocated  while  it  fed.  When  I ordered  a 
pint  more  water  to  be  thrown  into  the  glafs,  they  all  cried  out,  at 
firfl,  againft  my  deftroying  thefe  unhappy  animals ; but  their  ad- 
miration 
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miration  was  raifed  much  higher  than  before,  when  I obferved 
that  they  would  receive  no  harm,  for  they  had  a power  of  length- 
ening their  tail  about  an  inch,  but  that  they  were  not  left  without 
means  of  life  in  a much  more  increafed  depth  of  water ; on 
adding  a quart  more  water,  it  was  foon  found  that  the  apparent 
tail  of  the  infeft  was  a mere  tube,  containing  within  it  another 
much  fmaller,  yet  fufficiently  large  for  the  palfage  of  all  the  air 
that  was  necefiary  to  this  animal,  a fine  (lender  pipe  being  imme- 
diately darted  up  out  of  this,  and  extended  to  the  new  furface  ; 
on  railing  the  water  two  inches  higher  the  pipe  was  immediately 
lengthened  again  as  far  as  was  necefiary,  and  fo  on  till  the  limits 
of  the  glafs  fuffered  us  to  carry  the  experiment  no  further.” 

Of  the  Generation  of  Insects. 

One  of  the  greateft  myfteries  in  nature  is  generation,  or  that 
power  by  which  the  various  fpecies  of  animals,  & c.  are  propa- 
gated; by  which  one  fingle  individual  gives  birth  to  thoufands, 
or  even  millions  of  individuals  like  itfelf;  all  formed  agreeable 
to  proportions  which  are  only  known  to  that  Adorable  Wisdom 
which  has  efiablilhed  them.  We  fhal:  never  be  able  to  form  any 
adequate  conception  of  this  power,  till  we  are  acquainted  with 
the  principles  of  life,  and  can  trace  their  various  gradations  in 
different  orders  of  beings.  Many  ancient  philofophers,  from  a 
mifconception  and  perverfion  of  the  (entiments  of  the  more  an- 
cient fages,  imagined  thatinfe&s  were  produced  from  corrupt  and 
putrefied  fubftances  ; that  organized  bodies,  animated  with  life, 
and  framed  in  a moft  wonderful  manner,  owed  their  origin  to 
mere  chance ! Not  fo  the  moft  ancient  (ages  ; they  taught  that 
every  degree  of  life  muft  proceed  from  the  fountain  and  fource  of 
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nil  life,  and  that  therefore,  when  manifefted,  it  mull  be  replete 
with  infinite  wonders  ; but  then  they  alfo  (hewed,  that  if  in  it’s 
•defcent  through  the  higher  orders  of  being  it  was  perverted,  it 
would  be  manifefted  in  loathfome  forms,  and  with  filthy  pro- 
penfities  ; and  that  according  to  the  degree  of  reception  of  the 
Divine  goodnefs  and  truth,  or  the  perverfion  thereof,  new  forms 
of  life  would  be  occafionally  manifefted.  The  gloom  of  night 
ftill  wraps  this  fubjedt  in  obfcurity  ; will  the  dawn  of  day  ere 
long  gild  the  horizon  of  the  fcientific  world?  or  is  the  time  of 
it’s  breaking  forth  yet  far  from  us  ? Be  this  as  it  may,  infedls 
will  be  found  to  conform  to  that  general  law  of  order  whicli 
runs  -through  die  whole  of  animated  nature,  namely,  that  the 
conjunction  of  the  male  and  female  is  neceff’ary  for  the  produdlion 
of  their  offspring.  Where  we  cannot  afcertain  caufes,  we  muff 
be  content  with  fadis. 

Though  infedts  are,  like  larger  animals,  diftinguifhed  into 
male  and  female,  yet  in  fome  claftes  there  is  a kind  of  mules, 
partaking  of  neither  fex,  though  originating  themfelves  from  the 
conjundlion  of  both:  many  other  particularities  relative  to  the 
fexes  can  only  be  touched  upon  here. 

In  many  mfedfs  the  male  and  female  are  with  difficulty  diftin- 
guifhed, and  in  fome  they  differ  fo  widely,  that  an  unfkilful 
perfon  might  eafily  take  the  male  and  female  of  the  fame  infedl 
for  different  fpecies ; as  for  inftance,  in  the  phalaena  humuli, 
piniaria,  ruffula.  The  diffimilarity  is  ftill  greater  in  thofe  infers 
in  which  the  male  has  wings  and  the  female  none,  as  in  the 
coccus  lampyris,  phalaena  antiqua,  &c. 
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In  general  the  male  is  fmaller  than  the  female.  The  antenme 
of  the  male  are;  for  the  molt  part,  larger  than  thofe  of  the  female. 
In  fome  moths,  and  other  infedis  which  are  furnifhed  with  fea- 
thered antennae,  the  feathers  of  the  male  fly  are  large  and 
beautiful,  while  thofe  of  the  female  are  fmall,  and  fcarce  to  be 
perceived.  Some  male  beetles  are  furnilhed  with  a horn,  which 
is  wanting  in  the  female. 

Pleraque  infedlorum  genitalia  fuaintra  anum  habentabfcondita, 
et  penes  folitarios,  fed  nonnulla  penem  habent  bifidum : cancri 
autem  et  aranei  geminos,  quemadmodum  nonnulla  amphibia,  et 
quod  mirandum  in  loco  alieno,  ut  cancer,  fub  baft  caudax 
Araneus  mas  palpos  habet  clavatos,  qui  penes  funt,  juxta  os 
utrinque  unicum,  quae  clavae  fexum  nec  fpeciem  difiinguunt ; et 
fcemina  vulvas  fuas  habet  in  abdomine  juxta  pcdus ; heic  vero 
ft  unquam  vere  dixeris  : res  plena  timoris  amor,  ft  enim  procus  in- 
aufpicato  accefferit,  fcemina  ipfum  devorat,  quod  etiam  fit,  fi  non 
flatim  fe  retraxerit.  Libellula  fcemina  genitale  fuum  fub  apice 
gerit  caudae,  et  mas  fub  pedlore,  adeo  ut  cum  mas  collum  fcemina 
forcipe  caudae  arripit,  ilia  caudam  fuam  pedlori  ejus  adplicet,  ficque 
peculiari  ratione  connexae  volitent.” 

Infedis  are  either  oviparous  or  viviparous ; or,  in  other 
^ivords,  the  fpecies  is  perpetuated,  either  by  their  laying  of  eggs, 
or  bringing  forth  their  young  alive.  The  former  is  the  more 
general  cafe;  there  are  but  few  inflances  of  the  latter.  Thofe 
infedis  which  pafs  through  the  different  transformations  already 
defcribed,  cannot  propagate  till  they  arrive  at  their  imago  or  per- 
fedl  flate  ; and  we  believe  there  is  feldom  any  conjundtion  of  the 
4 fexes 
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fexes  in  other  dalles  till  they  have  moulted,  or  put  off  their  laft 
(kin,  the  cancri  and  monoculi  excepted. 

f ' - - j ’ . ‘ 1 v , 

Mr.  de  Reaumur  mentions  fix  or  feven  fpecies  of  two-winged 
flies  that  are  viviparous,  bringing  forth  worms,  which  are  after- 
wards transformed  into  flies.  The  womb  of  one  of  thefe  is 
Angularly  curious : it  is  formed  of  a band  rolled  up  in  a fpiral 
form,  and  about  two  inches  and  a half  in  length  ; fo  that  it  is  feven 
or  eight  times  longer  than  the  body  of  the  fly,  and  compofed  of 
worms  placed  one  on  the  fide  of  the  other  with  wonderous  art : 
they  are  many  thoufands  in  number.1* 

The  habits  of  the  pucerons  are  fo  very  Angular,  that  I cannot 
pafs  them  over  in  Alence  ; the  more  fo,  as  they  are  a very  curious 
objed  for  the  microfcope.  They  are  called  by  various  names, 
the  proper  one  is  aphis  ; that  which  they  are  molt  known  by  is 
puceron,  though  they  are  fometimes  called  vine  fretters  and 
plant  lice.  They  belong  to  the  hemiptera  order.  The  roftrum 
is  infleded,  the  antennas  are  longer  than  the  thorax,  fome  have 
four  ered  wings,  others  have  none  at  all  : towards  the  end  of  the 
belly  there  are  two  tubes,  from  which  is  ejeded  that  molt  delicate 
juice  called  honey-dew. 

The  aphides  are  a very  numerous  genus ; Linnaeus  has  enume- 
rated thirty-three  different  fpecies,  whofe  trivial  names  are  taken 
from  the  plant  which  they  inhabit,  though  it  is  probable  the 
number  is  much  larger,  as  the  fame  plant  is  often  found  to  fup- 
port  two  or  three  different  forts  of  aphides. 
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An  aphis,  or  puceron,  brought  up  in  the  moft  perfeft  folitude 
from  the  very  moment  of  it’s  birth,  in  a few  days  will  be  found  in. 
the  midft  of  a numerous  family  ; repeat  the  experiment  on  one  of 
the  individuals  of  this  family,  and  you  will  find  this  fecond  gene- 
ration will  multiply  like  it’s  parent,  and  this  yt»u  may  purfue 
through  many  generations. 

Mr.  Bonnet  had  repeated  experiments  of  this  kind,  as  far  as 
the  fixth  generation,  which  all  uniformly  prefented  the  obferver 
with  fruitful  virgins,  when  he  was  engaged  in  a feries  of  new  and 
tedious  experiments,  from  a fufpicion  imparted  by  Mr..  Trembleyr 
in  a letter  to  him,  who  thus  expreffes  himfelf : “ 1 have  formed 
M-  the  defign  of  rearing  feveral  generations  of  folitary  pucerons,  in 
“ order  to  fee  if  they  would  all  equally  bring  forth  young.  In 
“ cafes  fo  remote  from  ufual  circumftances,  it  is  allowed  to  try  all 
“ forts  of  means ; and  I argued  with  myfelf,  who  knows  but  that 
ce  one  copulation  might  ferve  for  feveral  generations  ?”  This 
“ who  knows  ” perfuaded  Mr.  Bonnet  that  he  had  not 
fufficiently  purfued  his  inveftigations.  He  therefore  now  reared 
to  the  tenth  generation  his  folitary  aphides,  having  the  patience 
to  keep  an  exafl  account  of  the  days  and  hours  of  the  birth  of 
each  generation,.  He  then  difcovered  both  males  and  females 
among  them,  whofe  amours  were  not  in  the  leaf!  equivocal  • the 
males  are  produced  only  in  the  tenth  generation,  and  are  but  few 
in  number;  that  thefe  foon  arriving  at  their  full  growth,  copulate 
with  the  females,  and  that  the  virtue  of  this  copulation  ferves  fos 
ten  fucceHive  generations ; that  all  thefe  generations,  except  the 
firft,  from  fecundated,  eggs  are  produced  viviparous,  and  all  the 
individuals  are  females,  except  thofeof  the  1 aft  generation,  among 
whom  fome  males  appear  to  lay  the  foundation  of  a frefh  feries. 
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In  order  to  give  a further  infight  into  the  nature  of  thefe  infers, 
I (hall  infert  an  extradl  of  a defcription  of  the  different  generations 
of  them  by  Dr.  Richardfon,  as  publifhed  in  the  Philofophical 
Tranfadlions,  vol.  lxi;. 

The  great  variety  of  fpecies  which  occur  in  the  infedls  now- 
under  confideration,  may  make  an  inquiry  into  their  particular 
natures  feem  not  a little  perplexing,  but  by  reducing  them  under 
their  proper  genus,  the  difficulty  is  confiderably  diminifhed.  We 
may  reafonably  fuppofe  all  the  infedis,  comprehended  under  any 
diftindt  genus,  to  partake  of  one  general  nature  ; and  by  diligently 
examining  any  particular  fpecies,  may  thence  gain  fome  infight 
into  the  nature  of  all  the  reft.  With  this  view  Dr.  Richardfon 
chofe  out  of  the  various  forts  of  aphides  the  largeft  of  thofe  found 
on  the  rofe  tree,  not  only  as  it’s  fize  makes  it  the  more  con- 
fpicuous,  but  as  there  are  few  others  of  fo  long  a duration.  This 
fort  appears  early  in  the  fpring,  and  continues  late  in  the  autumn; 
while  feveral  are  limited  to  a much  fhorter  term,  in  conformity 
to  the  different  trees  and  plants  from  whence  they  draw,  their 
nourifhment. 

i . If  at  the  beginning  ofTebruary  the  weather  happens  to  be 
fo  warm  as  to  make  the  buds  of  the  rofe  tree  fwell  and  appear 
green,  fmall  aphides  are  frequently  to  be  found  on  them,  though 
not  larger  than  the  young  ones  in  fummer,  when  firft  produced. 
It  will  be  found,  that  thofe  aphides  which  appear  only  in  fpring, 
proceed  from  fmall  black  oval  eggs,  which. were  depofited  on  the 
laft  year’s  fhoot;  though  when  it  happens  that  the  infedls  make 
too  early  an  appearance,  the  greater  part  fuffer  from  the  fharp 
weather  that  ufually  fucceeds ; by  which  means,  the  rofe  trees 


are 


254 


Microscopical  Essays. 


are  fome  years  in  a manner  freed  from  them.  The  fame  kind  of 
animal  is  then  at  one  time  of  the  year  viviparous,  and  at  another 
oviparous. 

Thofe  aphides  which  withfland  the  feverity  of  the  weather  fel- 
dom  come  to  their  full  growth  before  the  month  of  April,  at 
which  time  they  ufually  begin  to  breed,  after  twice  calling  off 
their  exuvia,  or  outward  covering.  It  appears  that  they  are  all 
females,  which  produce  each  of  them  a numerous  progeny,  and 
that  without  having  intercourfe  with  any  male  infe£f  ; they  are 
viviparous,  and  what  is  equally  fingular,  the  young  ones  all  come 
into  the  world  backwards.  When  they  firft  come  from  the 
parent,  they  are  enveloped  by  a thin  membrane,  having  in  this 
fituation  the  appearance  of  an  oval  egg;  thefe  egg-like  appear- 
ances adhere  by  one  extremity  to  the  mother,  while  the  young 
ones  contained  in  them  extend  the  other,  by  that  means  gradually 
drawing  the  ruptured  membrane  over  the  head  and  body  to  the 
hind  feet.  During  this  operation,  and  lor  fome  time  after,  the 
fore  part  of  the  head  adheres,  by  means  of  fomething  glutinous,  to 
the  vent  of  the  parent.  Being  thus  fufpended  in  the  air,  it  foon 
frees  itfelf  from  the  membrane  in  which  it  was  confined ; and 
after  it’s  limbs  are  a little  ffrengthened,  is  fet  down  on  fome 
tender  fhoots,  and  left  to  provide  for  itfelf. 

In  the  fpring  months  there  appear  on  the  rofe  trees  but  two 
generations  of  aphides,  including  thofe  which  proceed  immedi- 
ately from  the  laft  year’s  eggs ; the  warmth  of  the  fummer  adds 
fo  much  to  their  fertility,  that  no  lefs  than  five  generations 
fucceed  one  another  in  the  interval.  One  is  produced  in  May, 
which  caffs  off  its  covering;  while  the  months  of  June  and  July 
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each  fupply  two  more,  which  caft  off  their  coverings  three  or  four 
times,  according  to  the  different  warmth  of  the  feafon.  This  fre- 
quent change  of  their  outward  coat  is  the  more  extraordinary, 
becaufe  it  is  repeated  more  often  when  the  infedts  come  the 
fooneft  to  their  growth,  which  fometimes  happens  in  ten  days, 
where  warmth  and  plenty  of  nourifhment  confpired. 

Early  in  the  month  of  June,  fome  of  the  third  generation  which 
were  produced  about  the  middle  of  May,  after  calling  off  their 
lafl  covering,  difcover  four  eredl  wings,  much  longer  than  their 
bodies  ; and  the  fame  is  obfervable  in  all  the  fucceeding  genera- 
tions which  are  produced  during  the  fummer  months,  but  flill 
without  any  diverfity  of  fex ; for  fome  time  before  the  aphides 
come  to  their  full  growth,  it  is  eafy  to  diflinguifh  which  will  have 
■wings,  by  a remarkable  fullnefs  of  the  breafl,  which  in  the  others 
is  hardly  to  be  diflinguifhed  from  the  body.  When  the  lad; 
covering  is  rejedted,  the  wings,  which  were  before  folded  up  in  a 
very  narrow  compafs,  are  gradually  extended  in  a very  furprizing 
manner,  till  their  dimenfions  are  at  lafl  very  confiderable. 

The  increafe  of  thefe  infecls  in  the  fummer  time  is  fo  very 
great,  that  by  wounding  and  exhauding  the  tender  fhoots  they 
would  frequently  fupprefs  all  vegetation,  had  they  not  many 
enemies  to  reflram  them.  Notwithflanding-  thefe  infedls  have  a 

O 

numerous  tribe  of  enemies,  they  are  not  without  friends,  if  thole 
may  be  confidered  as  fuch,  who  are  officious  in  their  attendance 
for  the  good  things  they  expedl  to  reap  thereby.  The  ant  and 
the  bee  are  of  this  kind,  colledling  the  honey  in  which  the  aphides 
abound,  but  with  this  difference,  that  the  ants  are  conflant 
vifitors,  the  bee  only  when  flowers  are  fcarce ; the  ants  will  fuck 

in 


.1256  Microscopical  Essays. 

•in  the  honey  while  the  aphides  are  in  die  a£l  of  di (charging  at", 
•the  bees  only  collefl  it  from  the  leaves  on  which  it  has  fallen. 

In  the  autumn  three  more  generations  of  aphides  are  produced, 
two  of  which  generally  make  their  appearance  in  the  month  of 
Auguft,  and  the  third  before  the  middle  of  September.  The  two 
firft  differ  in  no  refpeft  from  thofe  which  are  found  in  hammer; 
but  the  third  differs  greatly  from  ail  the  reft.  Though  all  the 
aphides  which  have  hitherto  appeared  were  females,  in  this  tenth 
generation  feveral  male  infetls  are  found,  but  not  by  any 
-means .fo  numerous  as  the  females. 

The  females  have  at  firft  the  lame  appearance  with  thofe  of 
the  former  generations,  but  in  a few  days  their  colour  changes 
■from  a green  to  a yellow,  which  is  gradually  converted  into  an 
orange  before  they  come  to  their  full  growth ; they  differ  alfo 
in  another  refpeff  from  thofe  which  occur  in  fummer,  for  all 
thefe  yellow  females  are  without  wings.  The  male  infefls  are, 
however,  ftill  more  remarkable,  their  outward  appearance  readily 
diftinguifhing  them  from  this  and  all  other  generations.  When 
firft  produced,  they  are  not  of  a green  colour  like  the  reft,  but  of 
a reddifh  brown,  and  have  afterwards  a dark  line  along  the  back  ; 
they  come  to  their  full  growth  in  about  three  weeks,  and  then  caft 
off  their  laft  covering,  the  whole  infeft  being  after  this  of  a bright 
yellow  colour,  the  wings  only  excepted  ; but  after  this  change  to 
a deeper  yellow,  and  in  a very  few  hours  to  a dark  brown,  if  we 
except  the  body.  Which  is  fomething  lighter  coloured,  and  has  a 
reddifh  caft.  The  males  no  fooner  come  to  maturity  than  they 
copulate  with  the  females,  who  in  a day  or  two  after  their  inter- 
oourfe  with  the  males  lay  their  eggs,  generally  near  the  buds. 

Where 
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Where  there  are  a number  crowded  together,  they  of  courfe  inter- 
fere with  each  other,  in  which  cafe  they  will  frequently  depofit 
their  eggs  on  other  parts  of  the  branches. 

It  is  highly  probable  that  the  aphides  derive  conftderable  ad- 
vantages by  living  in  lociety  ; the  reiterated  pun61ures  of  a great 
number  of  them  may  attradf  a larger  quantity  of  nutritious 
juices  to  that  part  of  the  tree,  or  plant,  where  they  have  taken 
up  their  abode. 

In  the  natural  hiffory  of  infefts,  new  objects  of  furprize  are 
continually  rifing  before  the  obferver : fmgular  as  we  have 
already  fhewn  is  the  production  of  the  puceron,  that  of  the  bee 
will  not  be  found  to  be  lefs  fo;  and  though  this  little  republic  has 
at  all  times  gained  univerfal  efteem  and  admiration,  though  they 
have  attrafted  the  attention  of  the  mod  ingenious  and  laborious 
inquirers  into  nature,  yet  the  mode  of  propagating  their  fpecies 
feems  to  have  baffled  the  ingenuity  of  ages,  and  rendered  their 
attem  . ts  to  discover  it  abortive  ; even  the  labours  and  fcrupulous 
attention  of  Swammerdam  were  unfuccefsful  ; though,  while  he 
was  writing  his  treatife  on  bees,,  his  daily  labour  began  at  fix  in 
the  morning,  and  from  that  hour  till  twelve  he  continued  watch- 
ing  their  operations,  his  head  in  a manner  diflolving  into  fweat, 
under  the  irrelifiible  ardour  of  the  fun  ; and  if  he  defifled  at  noon, 
it  was  only  becauie  his  eves  then  became  too  weak,  as  well  from 
the  extraordinary  afflux  of  light  and  the  ufe  of  glades,  to  con- 
tinue longer  exercifed  by  fuch  minute  objedis.  He  fpent  one 
month  entirely  in  examining,  deferibing,  and  reprefenting  their 
inteflines ; and  many  months  on  other  parts : employing  whole 
days  in  making  obfervations,  and  whole  nights  in  regiffering 
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them,  till  at  laft  he  brought  his  treatife  of  bees  to  the  wifhed-for 
perfe&ion,  a work  which  all  the  ages,  from  the  commencement 
of  natural  hiftory  to  our  own  times,  have  produced  nothing  to 
equal,  nothing  to  compare  with  it.*  “ Read  it,  fays  the  great 
Boerhaave,  confider  it,  and  then  judge  for  yourfelf.”  Reaumur, 
however,  thought  he  had  in  fome  meafure  removed  the  veil,  -and 
explained  their  manner  of  generating : he  fuppofes  the  queen  bee 
to  be  the  only  female  in  the  hive,  and  the  mother  of  the  next 
generation  ; that  the  drones  are  the  males,  by  which  fhe  is  fecun- 
dated ; and  that  the  working  bees,  or  thofe  that  collefl  wax  on 
the  flowers,  that  knead  it,  and  form  from  it  the  combs  and  cells, 
which  they  afterwards  fill  with  honey,  are  of  neither  fex.  The 
queen  bee  is  known  by  it’s  fize,  being  generally  much  larger  than 
the  working  bee  or  the  drone. 

“ High  on  her  throne,  the  bright  imperial  queen 
Gives  the  prime  movement  to  the  ftate  machine: 

She  in  the  fubjefl  fees  the  duteous  child ; 

She  the  true  parent,  as  the  regent  mild  ; 

With  princely  grace  inverted  fits  elate. 

Informs  their  conduft,  and  direffs  the  rtate. 
******** 
******** 

The  clurtering  populace  obfequious  wait, 

Or  fpread  the  different  orders  of  the  rtate  ; 

Here  greet  the  labourer  on  the  toil  fome  way, 

And  to  the  load  their  friendly  fhoulders  lay ; 

Or  frequent  at  the  bufy  gate  arrive, 

And  fill  with  amber  fweets  their  fragranthive  ; 

Or 
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Or  feek  repairs  to  clofe  the  fradlur’d  cell ; 

Or  fhut  the  waxen  womb  where  embryos  dwell. 

The  caterers  prompt  a frugal  portion  deal. 

And  give  to  diligence  a hafty  meal ; 

In  each  appointed  province  all  proceed. 

And  neateft  order  weds  the  fwifteft  fpeed ; 

Difpatch  flies  various  on  ten  thoufand  wings, 

And  joy  throughout  the  gladfome  region  rings.35 

Mr.  Schirach,  a German  naturaliff,  affirms  that  all  the  common 
bees  are  females  in  difguife,  in  which  the  organs  that  diflinguifh 
the  fex,  and  particularly  the  ovaria,  are  obliterated,  or  at  leaft 
from  their  extreme  minutenefs  have  efcaped  the  obferver  s eye  ; 
that  every  one  of  thofe  bees,  in  the  earlier  period  of  it’s  exigence, 
is  capable  of  becoming  a queen  bee,  if  the  whole  community 
ffiould  think  it  proper  to  nurfe  it  in  a particular  manner,  and 
raife  it  to  that  rank : in  ffiort,  that  the  queen  bee  lays  only  two 
kinds  of  eggs,  thofe  that  are  to  produce  the  drones,  and  thofe 
from  which  the  working  bees  are  to  proceed. 

Mr.  Schirach  made  his  experiments  not  only  in  the  early  fpring 
months,  but  even  as  late  as  November.  He  cut  off  from  an  old 
hive  a piece  of  the  brood  comb,  taking  care  that  it  contained 
worms  which  had  been  hatched  about  three  days.  He  fixed  this 
in  an  empty  hive,  together  with  a piece  of  honey-comb,  for  food 
to  his  bees,  and  then  introduced  a number  of  common  bees  into 
the  hive.  As  foon  as  thefe  found  themfelves  deprived  of  their 
queen  and  their  liberty,  a dreadful  uproar  took  place,  which 
lafted  for  the  fpace  of  twenty-four  hours.  On  the  ceffation  of  this 
tumult,  they  betook  themfelves  to  work,  firft  proceeding  to  the 
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condruflion  of  a royal  cell,  and  then  taking  the  proper  methods 
for  feeding  and  hatching  the  brood  incloied  with  them ; fome- 
times  even  on  the  fecond  day  the  foundation  of  one  or  more 
royal  cells  were  to  be  perceived  ; the  view  of  which  furnilhed 
certain  indications  that  they  had  eleffed  one  of  the  inclofed 
worms  to  the  fovereignty.  The  bees  may  now  be  left  at  liberty. 

The  final  refult  of  thefe  experiments  is,  that  the  colony  of 
working  bees  being  thus  fhut  up  with  a morfel  of  brood  comb, 
not  only  hatch,  but  at  the  end  of  eighteen  or  twenty  days  pro- 
duce from  thence  one  or  two  queens,  which  have  to  all  appear- 
ance proceeded  from  worms  of  the  common  fort,  which  appears 
to  have  been  converted  by  them  into  a queen,  merely  becaufe 
they  wanted  one.  * 

From  experiments  of  the  fame  kind,  varied  and  often  repeated, 
Mr.  Shirach  concludes  that  all  the  common  working  bees  were 
originally  of  the  female  fex  ; but  that  if  they  are  not  fed,  lodged, 
and  brought  up  in  a particular  manner  while  they  are  in  a 
larva  date,  their  organs  are  not  developed  ; and  that  it  is  to  this 
circumdance  attending  the  bringing  up  of  the  queen,  that  the 
ex  ten  f on  of  the  female  organs  is  effe£ted,  and  the  difference  in 
her  form  and  Oze  producecL 

Mr.  Deb  raw  has  carried  the  fubjeff  further,  by  difcovering 
the  impregnation  of  the  eggs  by  the  males,  and  the  difference  of 
the  fize  among  the  drones  or  males  ; though  indeed  this  lad  cir- 
cumdance  was  not  unknown  to  Med.  Maraldi  and  Reaumur. 
Mr.  Dcbraw  watched  the  glafs  hives  with  indefatigable  attention, 

from 
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from  the  moment  the  bees,  among  which  he  took  care  there 
fhould  be  a large  number  of  drones,  were  put  into  them  ; to  the 
time  of  the  queens  laying  her  eggs,  which  generally  happens  the 
fourth  or  fifth  day,  he  obferved,  that  on  the  firft  or  fecond  day 
(always  before  the  third)  from  the  time  the  eggs  are  placed  in 
the  cells,  a great  number  of  bees  faftening  themfelves  to  one 
another  hung  down  in  the  form  of  a curtain,  from  the  top  to  the 
bottom  of  the  hive  ; they  had  done  the  fame  at  the  time  the  queen 
depofited  her  eggs,  an  operation  which  feems  contrived  on  pur- 
pofe  to  conceal  what  is  tranfahiing : however,  through  fome 
parts  of  this  veil  he  was  enabled  to  fee  fome  of  the  bees  inferting 
the  pofterior  part  of  their  bodies  each  into  a cell,  and  finking 
into,  but  continuing  there  only  a little  while.  When  they  had 
retired,  it  was  eafy  to  difcover  a whitifh  liquor  left  in  the  angle  of 
the  bafis  of  each  cell,  which  contained  an  egg.  In  a day  or  two 
this  liquor  was  abforbed  into  the  embryo,  which  on  the  fourth 
day  allumes  it’s  worm  or  larva  (late,  to  which  the  working  bees 
bring  a little  honey  for  nouriihment,  during  the  firft  eight  or  ten 
days  after  it’s  birth.  When  the  bees  find  the  worm  has  attained  it’s 
full  growth,  they  leave  off  bringing  it  food,  they  know  it  has  no 
more  need  of  it ; they  have  ftill,  however,  another  fervice  to  pay 
it,  in  which  they  never  fail,  it  is  that  of  (hutting  it  up  in  it’s  cell, 
where  the  larva  is  inclofed  for  eight  or  ten  days  : here  a further 
change  takes  place;  the  larva,  which  was  heretofore  idle,  now 
begins  to  work,  and  lines  it’s  cell  with  fine  (ilk,  while  the  working 
bee  inclofes  it  exteriorly  with  a wax  covering.  The  concealed  lar- 
va then  voids  it’s  excrement,  quits  it’s  fkin,  andaftumes  the  pupa  : 
at  the  end  of  fome  days  the  young  bee  acquires  fufficient  ftrength 
to  quit  the  (lender  covering  of  the  pupa,  tear  the  wax  covering  of 
it’s  cell,  and  proceeds  a perfect  infedh 
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To  prove  farther  that  the  eggs  are  fecundated  by  the  males,  and 
that  their  prefence  is  neceflary  at  the  time  of  breeding,  Mr.  De- 
braw  made  the  following  experiments.  They  confift  in  leaving 
in  a hive  the  queen,  with  only  the  common  or  working  bees, 
without  any  drones,  to  fee  whether  the  eggs  (lie  laid  would  be 
prolific.  To  this  end,  he  took  a fwarm,  and  fhook  all  the  bees 
into  a tub  of  water,  leaving  them  there  till  they  were  quite  fenfe- 
lefs ; by  which  means  he  could  diflinguifh  the  drones,  without 
any  danger  of  being  flung  : he  then  reflored  the  queen  and  work- 
ing bees  to  their  former  flate,  by  fpreading  them  on  a brown 
paper  in  the  fun  ; after  this  he  replaced  them  in  a glafs  hive, 
where  they  foon  began  to  work  as  ufual.  The  queen  laid  eggs, 
which,  to  his  great  furprize,  were  impregnated  ; for  he  imagined 
he  had  feparated  all  the  drones,  or  males,  and  therefore  omitted 
watching  them ; at  the  end  of  twenty  days  he  found  feveral  of 
his  eggs  had,  in  the  ufual  courfe  of  changes,  produced  bees,  while 
fome  had  withered  away,  and  others  were  covered  with  honey. 
Hence  he  inferred,  that  fome  of  the  males  had  efcaped  his  notice, 
and  impregnated  part  of  the  eggs.  To  convince  himfelf  of  this, 
lie  took  away  all  the  brood  comb  that  was  in  the  hive,  in  order  to 
oblige  the  bees  to  provide  a frefli  quantity,  being  determined  to 
watch  narrowly  their  motions  after  new  eggs  fhould  be  laid  in 
the  cells.  On  the  fecond  day  after  the  eggs  were  placed  in  the 
cells,  he  perceived  the  fame  operation  that  was  mentioned  before, 
namely,  that  of  the  bees  hanging  down  in  the  form  of  a curtain, 
while  others  thrufl  the  poflerior  part  of  the  body  into  the  cells. 
He  then  introduced  his  hand  into  the  hive,  broke  off  a piece  of 
the  comb,  in  which  there  were  two  of  thefe  infefts ; he  found  in 
neither  of  them  any  fling  (a  circumflance  peculiar  to  the  drones); 
upon  diffe&ion,  with  the  affiflance  of  a microfcope,  he  difcovered 
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the  four  cylindrical  bodies  which  contain  the  glutinous  liquor,  of 
a whitifh  colour,  as  obferved  by  Maraldi  in  the  large  drones.  He 
was  therefore  now  under  a neceflity  of  repeating  his  experiments, 
in  deltroying  the  males,  and  even  thofe  which  might  be  fufpeHed 
to  be  fuch. 

'He  once  more  immerfed  the  fame  bees  in  water,  and  when 
they  appeared  in  a fenfelefs  hate,  he  gently  preffed  every  one,  in 
order  to  diftinguifh  thofe  armed  with  flings  from  thofe  which  had 
none,  and  which  of  courfe  he  fuppofed  to  be  males : of  thefe  laft 
he  found  flfty-feven,  and  replaced  the  fwarm  in  a glafs  hive, 
where  they  immediately  applied  again  to  the  work  of  making 
cells,  and  on  the  fourth  or  fifth  day,  very  early  in  the  morning, 
he  had  the  pleafure  to  fee  the  queen  bee  depofit  her  eggs  in  thofe 
cells  : he  continued  watching  moft  part  of  die  enfuing  days,  but 
could  difcover  nothing  of  what  he  had  feen  before. 

The  eggs,  after  the  fourth  day,  inftead  of  changing  in  the 
manner  of  caterpillars,  were  found  in  the  fame  ftate  they  were 
the  firft  day,  except  that  fome  were  covered  with  honey.  A 
Angular  event  happened  the  next  day,  about  noon  ; all  the  bees 
left  their  own  hive,  and  were  feen  attempting  to  get  into  a neigh- 
bouring hive,  on  the  ftool  of  which  the  queen  was  found  dead, 
being  no  doubt  {lain  in  the  engagement.  This  event  feems  to 
have  arifen  from  the  great  defire  of  perpetuating  their  fpecies, 
and  to  which  end  the  concurrence  of  the  males  feems  fo  abfo- 
lutely  neceflary ; it  made  them  defert  their  habitation,  where  no 
males  were  left,  in  order  to  Ax  a refidence  in  a new  one,  in  which 
there  was  a good  flock  of  them. 


To 


264  Microscopical  Essays. 

To  be  further  fatisfied,  Mr.  Deb  raw  took  the  brood  comb, 
which  had  not  been  impregnated,  and  divided  it  into  two  parts ; 
one  he  placed  under  a glafs  bell,  No.  1,  with  honey  comb  for  the 
bees  food,  taking  care  to  leave  a queen,  but  no  drones,  among 
the  bees  confined  in  it : the  other  piece  of  brood-comb  he  placed 
under  another  glafs  bell,  No.  2,  with  a few  drones,  a queen,  and  a 
proportionable  number  of  common  bees.  The  refult  was,  that 
in  the  glafs.  No.  1,  there  was  no  impregnation,  the  eggs  remained 
in  the  fame  date  they  were  in  when  put  into  the  glafs ; and  on 
giving  the  bees  their  liberty  on  the  feventh  day,  they  all  flew 
away,  as  was  found  to  be  the  cafe  in  the  former  experiment; 
whereas  in  the  glafs,  No.  2,  the  very  day  after  the  bees  had  been 
put  into  it,  the  eggs  were  impregnated  by  the  drones,  and  the 
bees  did  not  leave  their  hives  on  receiving  their  liberty. 

The  editor  of  the  Cyclopaedia  fays,  that  the  fmall  drones  are 
all  dead  before  the  end  of  May,  when  the  larger  fpecies  appear, 
and  fuperfede  their  ufe  ; and  that  it  is  not  without  reafon,  that  a 
modern  author  fuggefis  that  a fmall  number  of  drones  are  referved, 
to  fupply  the  neceffities  of  the  enfuing  year  ; but  that  they  are 
very  little,  if  any,  larger  than  the  common  bee. 

It  does  not  enter  into  our  plan  to  notice  further  in  this  place 
the  wonders  of  this  little  fociety.  A bee-hive  is  certainly  one  of 
the  fineft  obje&s  that  can  offer  itfelf  to  the  eyes  of  the  beholder. 
It  is  not  eafy  to  be  weary  of  contemplating  thofe  workfhops, 
where  thoufands  of  labourers  are  conflantly  employed  in  different 
works.  While  one  party  is  employed  in  collefting  the  matter  ©f 
the  wax,  and  filling-their  magazines  with  it,  others  work  this 
wax,  and  build  with  it  their  cells;  this  is  again  polifhed  and 
6 perfected 
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perfe&ed  by  others : fome  wander  abroad  to  extraft  the  honey 
from  the  flower,  which  they  afterwards  depofit  in  cells,  as  well 
for  the  neceflities  of  the  day  as  thofe  of  the  inclement  feafon : 
fome  cover  with  wax  the  cells  that  contain  the  honey,  which  is 
to  be  preferved  for  the  enfuing  winter : others  feed  the  young, 
&c.  with  various  other  employments,  too  numerous  to  be  inferted 
here. 

The  eggs  of  infers  are  contained  and  arranged  in  the  body  of 
the  infeft,  in  veflels  which  vary  in  number  and  figure  in  different 
fpecies  ; the  fame  variety  is  found  in  the  eggs  ; fome  are  round, 
others  oval,  fome  cylindrical,  and  others  nearly  fquare ; the 
fhells  of  fome  are  hard  and  fmooth,  while  others  are  foft  and 
flexible.  It  is  a general  rule,  that  eggs  do  not  increafe  in  fize 
after  they  are  laid  ; among  infefts  we  find,  however,  an  excep- 
tion to  this ; the  eggs  of  the  mouches  a fcie  (tenth redo,  Linn.) 
increafe  after  they  are  laid,  but  their  (hell  is  foft  and  mem- 
branaceous. 

The  eggs  of  infefts  differ  in  their  colours  ; fome  may  be  found 
of  almoft  every  {hade,  of  yellow,  green,  brown,  and  even  black. 
The  eggs  of  the  lion  puceron  * (hemerobius,  Linn.)  are  a very 
fmgular  objedl,  and  cannot  have  efcaped  the  eye  of  any  perfon 
who  is  converfant  among  the  infedis  which  live  on  trees  ; though 
of  the  many  who  have  feen  them,  few,  if  any,  have  found  what 
they  really  were.  It  is  common  to  fee  on  the  leaves  and  pedicles 
of  the  leaves  of  the  plumb-tree,  and  feveral  other  trees,  as  alfo 
on  their  young  branches,  a number  of  long  and  (lender  filament  s, 
running  out  to  about  an  inch  in  length ; ten  or  twelve  of  thefe 
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are  ufually  feen  placed  near  one  another,  and  a vad  number  of 
thefe  cluders  are  found  on  the  fame  tree  ; the  end  of  each  of  thefe 
filaments  is  terminated  by  a fort  of  fwelling,  or  tubercle,  of  the 
fhape  of  an  egg.  They  have  generally  been  fuppofed  to  be  of 
vegetable  origin,  and  that  they  were  a fort  of  parafitical  plant, 
growing  out  of  others.  There  is  a time  when  thefe  egg-like  balls, 
which  terminate  every  one  of  thefe  filaments,  are  found  open  at 
the  ends ; in  this  date  they  very  much  refemble  flowers,  and 
have  been  figured  as  fuch  by  fome  authors,  though  they  are  only 
the  eggs  out  of  which  the  young  animals  had  been  hatched  and 
made  their  efcape.  If  thefe  eggs  are  examined  by  a microfeope, 
a worm  may  be  difcovered  in  them  ; or  they  may  be  put  in  a box, 
in  which,  in  a proper  time,  they  will  produce  an  infeft,.  which, 
when  viewed  with  a microfeope,  will  be  found  to  be  the  true  lion 
puceron. 

Divine  Providence  indru&s  the  infefls,  by.  a lower  fpecies  of 
perception,  to  depofit  their  eggs  in  fituations  where  their  young 
ones  will  find  the  nourifhment  that  is  mod  convenient  for  them.. 
Some  depofit  their  eggs  in  the  oak  leaf  producing  there  the  red 
gall ; others  chufe  the  leaf  of  the  poplar,  which  fwells  into  a red 
node  or  bladder;  to  a dmilar  caufe  we  are  indebted  for  the  red 
knob  which  is  often  feen  on  the  willow-leaf,  and  the  three  point- 
ed protuberances  upon  the  termination  of  the  juniper  branches. 
The  leaves  of  the  veronica  and  ceradium  are  drawn  into  a globu- 
lar head  by  the  eggs  of  an  infeft  lodged  therein.  The  phalaena 
neudria  glues  it’s  eggs  with  great  fymmetry  and  propriety  round 
the  fmaller  branches  of  trees.  Fig.  i,  Plate  X.  reprefents  a 
magnified  view  of  the  ned  of  the  eggs  taken  off  the  tree  after  the 
caterpillar  had  eat  it’s  way  through  them ; the  drong  ground-work 
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of  gum,  by  which  they  are  connefled  and  bound  together,  is  very 
vifible  in  many  places ; they  ftrengthen  this  connexion  further, 
by  filling  up  all  the  intervening  fpace  between  the  eggs  with  a 
very  tenacious  fubftance.  The  eggs  are  cmflaceous,  and  fnnilar 
to  thofe  of  the  hen.  Fig.  3,  Plate  X.  is  a vertical  fecdion  of 
the  eggs,  fltewing  their  oval  fhape.  Fig.  3 is  an  horizontal 
leftion  through  the  middle  of  the  egg.  It  is  not  eafy  to  defcribe 
the  beauty  of  thefe  objcfls,  when  viewed  in  the  lucernal  micro- 
Icope  ; the  regularity  with  which  they  are  placed,  the  delicacy  of 
their  texture,  the  beautiful  and  ever-varying  colours  which  they 
prefent  to  the  eye,  give  the  fpeflator  a high  degree  of  rational 
delight. 

Some  depofit  their  eggs  in  the  back  of  other  infecls  ; thefe, 
after  having  paffed  through  their  various  transformations,  become 
what  is  termed  an  ichneumon  fly.  In  the  Lapland  Alps  there  is 
a fly  covered  with  a downy  hair,  called  the  rhen-cleer  gad-fly, 
oeftrus  tarandi,  Linn.  It  hovers  all  day  over  thefe  animals, 
whofe  legs  tremble  under  them  ; they  prick  up  their  ears,  and 
flee  to  the  mountains  covered  with  ice  and  fnow,  to  efcape  from 
a little  hovering  fly,  but  generally  in  vain,  for  the  infedt  but  too 
fbon  finds  an  opportunity  to  lodge  it’s  egg  in  the  back  of  the 
deer ; the  worm  hatched  from  this  egg  perforates  the  fkin,  and 
remains  under  it  during  the  whole  winter  ; in  the  following  year 
it  becomes  a fly.  The  oeflrus  bovis  is  an  equal  terror  to  oxen  ; 
the  hippobofca  equina  to  hoi  fes  ; oeftrus  ovis  * to  the  flieep,  &c. 

K k 2 The 


Oeflrus  ovis  in  nafo  five  finu  frontis  animalium  rumenantimn.  Linn. 


268 


Microscopical  Essays. 


The  gnat,  the  ephemera,  the  phryganea,  the  libellula,  hover 
over  the  water  all  day  to  drop  their  eggs,  which  are  hatched  in 
the  water,  and  continue  there  all  the  time  they  are  in  the  larva 
form.  The  mafs  formed  by  the  gnat  refembles  a little  veflel  fet 
afloat  by  the  infe6l ; each  egg  is  in  the  form  of  a keel ; thefe  are 
curioufly  conne&ed  together.  The  gnat  lays  but  one  egg  at  a 
time,  which  fhe  lays  upon  the  water  in  a very  ingenious  and  Am- 
ple manner;  fhe  flretches  her  legs  out,  and  crofles  them,  thus 
forming  an  angle  to  receive  and  hold  the  firfl  egg ; a fecond  egg 
is  foon  placed  next  the  Arft  ; then  a third,  and  fo  on,  till  thebafe 
is  capable  of  fupporting  itfelf.  The  fpawn  of  this  infeft  is  fome- 
times  above  an  inch  long,  and  one-eighth  of  an  inch  in  diameter, 
and  tied  by  a little  ftem,  or  ftalk,  to  fome  flick  or  ftone.  Some- 
times they  are  laid  in  a Angle,  fometimes  in  a double  fpiral  line ; 
fometimes  tranfverfely.  Many  moths  cover  their  offspring  with 
a thick  bed  of  hair,  which  they  gather  from  their  own  body ; 
while  others  cover  them  with  a glutinous  compoAtion,  which, 
when  hard,  prote£ls  them  from  moiflure,  rain,  and  cold.  The 
gall  flies,  it  has  been  already  obferved,  know  how  to  open  the 
nerves  of  the  leaves,  to  depoflt  thus  their  eggs  in  a place  which 
afterwards  ferves  them  for  a lodging,  and  a magazine  of  food. 
The  folitary  bees  and  wafps  prepare  an  habitation  for  their  little 
ones  in  the  earth,  placing  there  a proper  quantity  of  food  for 
them,  when  they  proceed  from  the  egg.  The  voracious  and 
cruel  fpider  is  attentive  and  careful  of  it’s  eggs ; the  wolf  fpider 
carries  them  on  it’s  back  in  a little  bag  formed  of  it’s  Aik ; it  can- 
not be  feparated  from  them  but  by  violence,  and  exhibits  the 
moft  marked  Agns  of  uneafinefs  when  deprived  of  them  : a cir- 
cumflance  the  more  remarkable,  as  they  love  to  defiroy  each 
other,  and  even  carry  on  their  courtfhips  with  a diffidence  and 
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caution  unknown  in  any  other  fpecies  of  animals.  The  hiftory 
of  bees  and  wafps,  and  their  care  and  attention  to  their  offspring, 
is  fo  well  known,  that  I may  with  propriety  pafs  it  over  here,  and 
proceed  jufl  to  notice  the  induftrious  ant,  whofe  paternal  affe&ion 
and  care  is  not  fo  well  known.  They  are  not  fatisfied  with  pla- 
cing their  eggs  in  filiations  made  on  purpofe,  and  to  raife  or  rear 
them  till  they  come  to  their  nymph  or  pupa  flate  ; but  they  even 
extend  their  care  to  the  pupa,  removing  them  from  their  neft  to 
the  furface  of  the  earth,  whenever  the  weather  is  fine,  that  they 
may  receive  the  benignant  influence  of  the  fun,  carrying  them 
back  again  as  foon  as  the  air  begins  to  grow  cold.  If  any  acci- 
dent difturbs  their  neft,  and  difperfes  the  pupas,  they  manifeft 
the  greateft  figns  of  diftrefs,  feeking  the  loft  and  fcattered  pupas, 
placing  them  in  fome  fheltered  place  while  they  repair  the  neft, 
when  they  again  tranfport  them  to  it.  * Many  other  curious  par- 
ticulars might  be  related  relative  to  this  induftrious  infeft,  as 
their  uniting  together  in  fcooping  out  earth,  and  tranfporting  the 
materials  for  the  conftru&ion  of  their  nefts,  and  the  curious 
ftrufture  of  the  neft  itfelf,  which,  though  it  appears  piled  up  at 
random,  will  be  found,  on  ftriffer  examination,  to  be  a work  of 
art  and  defign,  with  other  circumftances  which  are  too  long  to  be 
enumerated  here. 

The  perception  by  which  infefts  are  a&uated,  fo  as  to  fecure 
in  the  moft  wonderful  manner  their  offspring,  merits  the  moft 
attentive  confideration,  and  ftrongly  marks  the  regular  proceed- 
ings of  Divine  Providence  : they  do  not  depoftt  them  at  random, 
but  place  them  in  fituations  agreeable  to  their  nature,  and  in 
places  where  they  will  meet  with  fuch  fupplies  of  nourifhment,  as 
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will  contribute  to  their  perfe&ion,  and  be  acceptable  to  die 
feveral  appetites  of  their  young  ones.  This  is  beautifully 
illuflrated  by  Mr.  Brooke,  in  his  philofophical  poem  on  Univer- 
fal  Beauty,  where,  fpeaking  on  -this  fubjeft,  he  fays. 

Each  as  rebelling  on  their  primal  hate. 

Or  fraught  with  fcientific  craft  innate. 

With  confcious  (kill  their  oval  embryo  died. 

Where  native  firft  their  infancy  was  fed  : 

Or  on  fome  vegetating  foliage  glued  ; 

Or  o’er  the  flood  they  fpread  their  future  brood  ; 

A flender  cord  the  floating  jelly  binds. 

Eludes  the  wave,  and  mocks  the  warring  winds. 

O'er  this  their  fperm  in  fpiral  order  lies, 

And  pearls  in  living  ranges  greet  our  eyes. 

In  firmed  oak  they  fcoop  a fpacious  tomb. 

And  lay  their  embryo  in  the  fpurious  womb  : 

Some  flowers,  fome  fruit,  fome  gums,  or  bloffoms  chufe. 
And  confident  their  darling  hopes  infufe ; 

While  fome  their  eggs  in  ranker  carnage  lay, 

And  to  their  young  adapt  the  future  prey. 

^*  ******  * 
******** 

All  by  their  dam’s  prophetic  care  receive 
Whate’er  peculiar  indigence  can  crave  : 

Profufe  at  hand  the  plenteous  tables  fpread. 

And  various  appetites  are  aptly  fed. 

No  lefs  each  organ  fuits  each  place  of  birth, 

Finn’d  in  the  fiood,  or  reptile  o’er  the  earth. 
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Each  organ  apt  to  each  precarious  ftate. 

As  for  eternity  defign’d  complete. 

Of  all  the  productions  of  nature,  infeCts  are  the  moll  numer- 
ous, and  multiply  moll ; their  fecundity,  is  prodigious,  their 
multiplication  altonilhing  ; the  vegetables  which  cover  the  furface 
of  the  earth  bear  no- proportion  to.  their  multitudes,  every  plant 
fup porting  a number  often  of  fcarce  perceptible  creatures  ; of 
the  fatal  efie&s  of  their  prodigious  multiplication,  our  fruit  trees, 
&c.  are  too  often  a deplorable  tellimony.  On  the  continent 
whole  provinces  often  languilh  in  confequence  of  the  dreadful 
havock  made  by  die  minute,  but  innumerable,  holls  of  infe&s. 

The  following  is  an  experiment  of  M.  Lyoneton  the  generation 
of  a moth  which  comes  from  the  chenille  a brolfe  : out  of  a brood 
of  350.  eggs,  that  he  had  from  a Tingle  moth  of  this  kind,  he  took 
80,  from  which  he  got,  when  they  wTere  arrived  at  their  perfeCl 
hate,  15  females;  from  whence  he  deduces  the  following  con- 
fequence: if  80  eggs  give  15  females,  the  whole  brood  of  350 
would  have  produced  65  ; thefe  65,  in  fuppofing  them  as  fertile 
as  their  mother,  would  have  produced  22,750  caterpillars,  among 
which  there  would  have  been  at  leall  4265  females,  who  would 
have  produced  for  the  third  generation  1,492,750  caterpillars. 
This  number  would  have  been  much  larger  if  the  number  of  fe- 
males among  thofe  which  were  felefted  by  M.  Lyonet  had  been 
greater.  M-  de  Geer  counted  in  the  belly  of  a moth  480  eggs, 
reducing  thefe  to  400,  if  fuppofing  one-fourth  only  of  thefe  to  be 
females,  and  as  fruitful  as  their  mother,  they  will  give  birth  to 
40,000  caterpillars  for  the  fecond  generation ; and  for  the  third, 
fuppofing  all  tiling^  equal,  four  millions  of  caterpillars.  It  is  not 
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furprizing,  therefore,  that  they  are  found  fo  numerous  in  years 
which  are  favorable  to  their  propagation.  But  the  Creator  of 
all  things  has  for  our  fakes  limited  this  abundant  multiplication, 
by  raifing  up  hods  of  enemies,  who,  befides  ficknefs,  &c.  deftroy 
the  fuperfluous  quantity. 

The  following  is  a calculation  of  the  fecundity  of  the  queen 
bee,  by  M.  de  Reaumur : he  found  that  fhe  laid  in  the  two 
months  oi  March  and  April  12,000  eggs,  fo  that  the  fwarm  which 
left  the  hive  in  May  confided  of  near  12,000  bees,  all  produced 
from  one  mother  ; but  thefe  calculations  all  fall  Ihort  of  thofe 
which  were  made  by  Leeuwenhoek  on  a fly,  whofe  larva  feeds 
on  flefh,  putrid  carcafes,  &c.  which  multiply  prodigioufly,  and 
that  in  a fhort  fpace  of  time.  One  of  thefe  laid  144  eggs,  from 
which  he  got  as  many  flies  in  the  firfl  month ; fo  that  l'uppofing 
one-half  of  thefe  to  be  females,  in  the  third  month  we  fhall  have 
746,496,  all  produced  in  three  months  from  one  fly. 

Of  the  Food  of  Insects. 

Infeffs  feed  upon  all  kinds  of  vegetable  and  animal  fubflances; 
there  is  fcarce  any  produftion  of  thefe  two  kingdoms  which  does 
not  ferve  for  food  to  fome  kind  of  infedt.  They  may,  therefore, 
be  confidered  under  two  heads,  thofe  which  live  on  vegetables, 
and  thofe  which  are  fupported  by  animal  food ; each  infeCt  knows 
the  food  which  is  proper  to  fuffain  it’s  life,  it  knows  where  to 
feek  it,  and  how  to  procure  it.  It  has  been  already  obferved, 
that  feveral  infedls,  when  arrived  at  a ffate  of  perfection,  feed 
after  their  transformation  upon  food  totally  different  from  that 
which  nourifhed  them  in  their  larva  flate  ; y*  thefe  are  informed 
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by  the  laws  of  Divine  order,  to  place  their  eggs  on  fubje&s  proper 
for  the  larva  which  are  to  proceed  from  them. 

Among  thofe  which  feed  on  vegetables,  fome  link  themfelves 
in  the  earth,  deftroy  the  roots  of  the  plants,  and  do  confiderable 
injuries  to  our  gardens,  &c.  The  food  of  others  is  dry  and 
hard ; they  pierce  the  wood,  reduce  it  to  powder,  and  then  feed 
on  it ; fome,  as  the  cofius,  deftroy  and  attack  the  trees,  while  the 
food  of  others  more  delicate  is  the  leaves.  The  leaf  is  eat  in  a 
diderent  manner  by  different  infers ; fome  eat  the  whole  fub- 
llance,  while  others  feed  only  on  the  parenchemous  parts,  which 
are  contained  between  it’s  fuperficial  membranes,  forming  within 
fide  the  leaf  paths  and  galleries.  Thefe  infedls  are  not  always 
content  with  the  leaf,  but  attack  the  flower  alfo  : even  this  food 
is  too  grofs  for  many ; the  bee,  the  butterfly,  the  moth,  as  well 
as  feveral  fpecies  of  flies,  feed  only  on  the  honey,  or  finer  juices, 
which  they  collect  from  flowers.  Fruits,  grains,  and  corn,  are 
not  free  from  them ; they  divide  them  with  us,  and  often  deprive 
us  of  large  quantities.  We  are  continually  finding  the  larva  of 
fome  infeft  in  pears,  plumbs,  peaches,  and  other  fruit ; there  is, 
indeed,  no  part  of  a plant  which  does  not  ferve  as  food  to 
different  infers ; fome  have  one  kind  of  plant  marked  out  for 
them  to  inhabit  and  feed  on,  others  have  another  affigned  to 
them,  on  which,  and  no  other,  they  will  feed  ; each  has  it’s  appro- 
priate food,  and  though  the  parent  animal  eats  not  at  all,  or 
lives  upon  food  entirely  different,  yet  fhe  is  guided,  as  we  have 
already  obferved,  to  depofit  her  eggs  on  that  peculiar  fit  rub  or 
plant  that  will  be  food  for  her  young  ; while  fome,  more  vora- 
cious than  the  reft,  feed  upon  all  with  equal  avidity.  The  grylus 
migratorius,  a few  years  fince,  poured  out  of  Tartary  in  fuch 
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quantities,  as  to  lay  wafle  great  part  of  Europe,  producing  al'mofl 
unequalled  calamities,  fwarming  in  fuch  multitudes  as  to  cloud 
the  air,  defiroying  all  the  vegetables ; in  Sweden  the  cattle 
perifhed  with  hunger,  and  the  men  were  forced  to  abandon  their 
country,  and  fly  to  the  neighbouring  regions.*  The  far  greater 
part  feed  only,  however,  on  one  fpecies  of  plant,  or  at  moft  on 
thofe  which  are  fimilar  to  it ; and  the  fame  fpecies  may  always  be 
found  on  the  fame  plant. 

Mr.  de  Reaumur  fays,  that  the  caterpillar,  which  infefts  and 
feeds  upon  the  cabbage,  deltroys  in  twenty-four  hours  more  than 
twice  it’s  weight.  If  larger  animals  required  a proportionable 
quantity,  the  earth  would  not  be  able  to  nourifh  it’s  inhabitants. 

A great  number  of  infefts  rejeft  vegetable,  and  live  on  animal 
food;  fome  feeking  that  which  is  beginning  to  putrefy,  while 
others  delight  in  that  which  is  entirely  putrid  ; others  again  are 
nourifhed  by  the  mod  filthy  puddles,  and  difgufling  excrements  ; 
fome  attack  and  feed  on  man  hinifelf,  while  others  are  nourifhed 
by  his  viftuals,  his  cloaths,  his  furniture : fome  prey  upon 
infefts  of  another  fpecies,  othersatt  ack  their  own,  and  harrafs 
each  other  with  perpetual  carnage.. 

Every  animal  has  if  s appropriate  lice,  which  feed  on  and  infeft 
it.  M.  Rhedi  has  given  an  accurate  account  of  a great  number 
of  thefe  little  noxious  creatures,  accompanied  with  figures.;  but, 
as  if  it  were  not  fufficient  that  thefe  creatures  fhould  dw’ell  and 
live  on  the  external  part  of  the  body,  and  fuck  the  blood  of  the 
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animal  that  they  infeft,  we  find  another  fpecies  of  infedls  feeking 
their  food  in  the  more  vital  parts,  and  feeding  on  the  flefh  of  the 
animal,  while  full  of  life  and  health.  M.  de  Reaumur  has  given 
an  hifiory  of  a fly  (oeftrus  bovis)  which  li\res  upon  the  backs,  and 
feeds  on  the  flefli  of  young  oxen  and  cows,  where  it  produces  a 
kind  of  tumor.  The  fly  lodges  it’s  eggs  in  the  flefh,  by  making  a 
number  of  little  wounds,  in  each  of  which  it  depofits  eggs,  fo  that 
every  wound  becomes  a neft,  the  eggs  of  which  are  hatched  by 
the  heat  of  the  animal.  Here  the  larva  finds  abundant  food  at 
the  fame  time  that  it  is  protefted  from  the  changes  of  the  wea- 
ther ; and  here  they  flay  till  they  are  fit  for  transformation.  The 
parts  they  inhabit  are  often  eafy  to  be  difcovered  by  a kind  of 
lump,  or  tumor,  which  they  form  by  their  ravages ; this  tumor 
fuppurates,  and  is  filled  with  matter;  on  this  difgufting  fubflance 
the  larva  feeds,  and  his  head  is  always  found  plunged  in  it. 
When  the  time  of  their  metamorphofis  is  ready,  the  larva  falls 
upon  the  ground,  and  feeks  a convenient  place  for  the  operations 
of  the  enfuing  change. 

There  is  a fpecies  (oefirus  haemorrhoidalis)  which  depofit  their 
eggs  in  the  rettum  of  horfes,  it  being  in  the  intefiines  of  thefe 
only  that  they  can  be  nourifhed.  M.  Valhfinieri  has  given  an 
account  of  the  introduftion  of  thefe  eggs  into  the  horfe,  as  ob- 
ferved  by  a friend  of  his  who  was  looking  at  fome  that  were 
feeding  quietly  in  a meadow  : on  a fudden  they  began  to  leap  and 
jump,  roll  themfelves  on  the  ground,  then  run,  beat  about  their 
tails,  and  were  otherwife  violently  agitated;  perfuaded  that  thefe 
extraordinary  motions  were  produced  by  a fly  that  was  buzzing 
about  them,  he  obferved  them  narrowly.  The  fly  not  beino-  able 
to  fucceed  in  it’s  attacks  on  thefe,  quitted  them,  and  flew  towards 
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a mare,  who  was  feparatecl  from  the  reft,  making  lefs  noife  than 
before,  and  here  it  was  more  fuccefsful ; it  pahed  under  the  tail, 
and  by  caufmg  an  itching  near  the  anus,  forced  the  mare  to  pufh 
out  the  edge  of  the  inteftine,  to  open  it,  and  then  to  enlarge  the 
opening ; the  fly  profited  by  this  opportunity,  and  depofited  it’s 
eggs  in  the  fold  of  the  inteftine  ; in  a little  time  the  mare  became 
almoft  furious,  and  was  agitated  in  the  moft  violent  manner  for  a 
quarter  of  an  hour,  when  fhe  began  to  grow  more  eafy. 

Nearly  allied  to  the  preceding  are  the  following  curious  obfer- 
vations  of  an  ingenious  naturalift  on  the  ichneumon  fly.  “ As  I 
was  obferving,  fays  he,  one  day  fome  caterpillars  which  were 
feeding  voluptuoufly  on  a cabbage-leaf,  my  attention  was  at- 
tracted towards  a part  of  the  plant,  about  which  a little  fly  was 
buzzing  on  it’s  wing,  as  if  deliberating  where  to  fettle  : I was  fur- 
prized  to  fee  the  herd  of  caterpillars,  creatures  of  twenty  times 
it’s  fize,  endeavouring  in  an  uncouth  manner,  by  various  contor- 
tions of  the  body,  to  get  out  of  it’s  way,  and  more  fo,  whenever 
the  fly  poifed  on  the  wing  as  if  going  to  drop ; at  length  the 
creature  made  it’s  choice,  and  feated  itfelf  on  the  back  of  one  of 
the  largeft  and  faireft  of  the  clufter ; it  was  in  vain  the  unhappy 
reptile  endeavoured  to  diflodge  the  enemy.  If  the  caterpillar 
had  (hewn  terror  on  the  approach  of  the  fly,  it’s  anguifli  at  inter- 
vals now  feemed  intolerable,  and  I foon  found  that  it  w as  in  con- 
fequence  of  the  ftrokes,  or  wounds,  given  by  the  fly.  At  every 
wound  the  poor  caterpillar  wreathed  and  twifted  it’s  whole  frame, 
endeavouring  to  difengage  itfelf,  by  fhaking  off  the  enemy, 
fometimes  aiming  it’s  mouth  towards  the  place;  but  it  was  all  in 
vain,  it’s  little  but  cruel  tormentor  kept  it’s  place.  When  it  had 
inf|i£ted  thirty  or  forty  of  thefe  wounds,  it  took  it’s  flight  with  a 
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vifible  triumph;  in  each  of  thefe  wounds  the  little  fly  had 
depofited  an  egg.  I took  the  caterpillar  home  with  me,  to  ob- 
ferve  the  progrefs  of  the  eggs  which  were  thus  placed  in  it’s  body, 
taking  care  to  give  it  a frelh  fupply  of  leaves  from  time  to  time ; 
it  recovered  to  all  appearance  in  a few  hours  from  the  wounds  it 
had  received,  and  from  that  time,  for  the  fpace  of  four  or  five 
days,  feemed  to  live  comfortably,  feeding  voracioufly.  The 
eggs  were  all  hatched  into  fmall  oblong  voracious  worms,  which 
fed  from  the  moment  of  it’s  appearance  on  the  flefh  of  the  cater- 
pillar, in  whofe  body  they  were  inclofed,  and  feemingly  without 
wounding  the  organs  of  refpiration  or  digellion ; and  when  they 
had  arrived  at  their  full  growth,  they  eat  their  way  out  of  the 
fides  of  the  animal,  at  the  fame  time  deftroying  it.  The  cater- 
pillar thus  attacked  by  the  larva  of  the  ichneumon  never  efcapes, 
it’s  deftru&ion  is  infallible  ; but  then  it’s  life  is  not  taken  away  at 
once ; the  larva,  while  it  is  feeding  thereon,  knows  how  to  fpare 
the  parts  which  are  effential  to  it’s  life,  becaufe  it’s  own  is  at  that 
time  tied  up  in  that  of  the  caterpillar.  No  butterfly  is  produced 
from  it ; the  worms  that  feed  on  the  wretched  creature  are  no 
fooner  out  of  it’s  body,  than  every  one  fpins  it’s  own  web,  and 
under  this  they  pafs  the  flate  of  reft  neceffary  to  introduce  them 
to  their  winged  form.”  * 

Of  this  ftrange  fcene  it  is  difficult  for  us  to  form  a proper 
judgment ; we  are  unacquainted  with  the  organs  of  the  caterpillar, 
ignorant  of  the  nature  of  it’s  fenfations,  and  therefore  we  cannot 
be  affured  what  may  be  the  effe&s  of  that  which  we  fee  it  futfer. 
« It  is  wifdom  to  fuppofe  we  are  ignorant*.,  while  we  know  the 
Creator  cannot  be  cruel.”  From  revelation  we  learn,  that  man 
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is  the  mean  through  which  life  is  conveyed  to  the  creatures  of 
this  lower  world;  that  by  linking  into  error,  and  foftering  evil, 
he  perverts  his  own  life,  and  corrupts  all  that  which  proceeds 
from  him  : fo  that  the  effedts  are  the  fame  on  the  orders  be- 
neath him,  as  would  anfe  to  the  world  if  a continual  cloud  was 
placed  between  us  and  the  fun,  depriving  us  at  once  of  the  falu- 
tary  effedts  of  it’s  invigorating  heat  and  cheering  light. 

Laftly,  many  infedts  feed  upon  others ; nay,  fome  even  upon 
their  own  fpecies.  The  numbers  of  thefe  two  kinds  are  very 
numerous ; and  it  is  among!!  thele  that  we  find  the  traces  of  the 
greateR  art  and  cunning,  as  well  in  attack  as  in  defence.  Some, 
indeed,  life  main  force  alone,  others  employ  addrefs  and  cunning. 
Every  body  is  acquainted  with  the  dexterous  arts  of  the  fpider. 
the  curious  web  he  fpins,  it’s  regular  confirudtion,  and  the  central 
pofition  of  the  fpider,  in  order  to  watch  more  effedlually  the  leaf! 
motion  that  may  be  communicated  to  it’s  tender  net.  The  art 
and  hiftory  of  the  formica  leo  are  alfo  well  known,  and  a defer!  p- 
tion  of  them  would  lead  us  too  great  lengths.  Thofe  who  would 
wifh  to  purfue  this  fubjedt  further,  will  find  much  fatisfadiion  in 
confulting  the  works  of  Reaumur  and  De  Geer. 

Of  the  Habitation  of  Insects. 

Infects  may  be  divided,  with  refpedt  to  their  habitations,  into 
two  dalles,  aquatic  and  terreftriah 

Standing  waters  are  generally  filled  with  infects,  who  live 
therein  in  different  manners.  There  are,  1.  Aquatic  infedts  which 
remain  always  on  the  fuperficies  of  the  water,  or  which  at  lealt 
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plunge  themfelves  therein  but  rarely.  2'.  Others  that  live  only 
in  the  water,  and  cannot  fubfift  out  of  it.  3.  Many,  after 
having  lived  in  the  water  while  in  the  larva  and  pupa  hate,  come 
out  afterwards  with  wings,  and  become  entirely  terreltrial. 
4.  Some  undergo  all  their  transformations  in  the  water,  and  then 
become  amphibious.  5.  Others  again  are  born  and  grow  in  the 
water,  but  undergo  their  pupa  hate  on  dry  land,  and  after  they 
are  arrived  at  their  perfect  hate  live  equally  in  air  and  water. 
6.  Lahly,  there  are  fome  who  live  at  the  fame  time  part  in  the 
water,  and  part  on  land,  and  which  after  their  transformation 
ceafe  to  be  aquatic.. 

Among  the  infers  which  remain  on  the  fuperficies  of  the 
water,  are  fome  fpiders,  which  run  with  great  addrefs  and 
agility,  without  moiftening  their  feet  or  their  body ; when  they 
repofe  themfelves,  they  extend  their  feet  as  mucjh  as  poftible. 
There  are  alfo  aquatic  bugs,-  which  fwim,  or  rather  run,  on  the 
water  with  great  velocity,  and  by  troops ; another  bug  walks 
very  (lowly  on  the  water;  the  gyrinus  moves  very  fwiftly,  and  in 
circles.  There  is  a fpecies  of  podura  * which  live  in  fociety,  and 
are  often  accumulated  together  in  little  black  lumps.  Thofe  in- 
fefts  which  always  live  in  the  water  are  generally  born  with  the 
figure  which  they  preferve  during  their  whole  lives,  as  the  mono* 
culi,  crabs,  feveral  kinds  of  water-mites,  &c. 

The  number  of  thofe  which,  after  having  lived  in  the  water, 
leave  it  when  in  a winged  hate,,  is  very  great : among  thefe  we 
may  reckon  the  libellula,  the  ephemera,  the  phrvganea,  culices, 
tipulse,  and  fome  fpecies  of  mufcre.  All  thefe,  when  in  the  larva 

and: 


* De  Geer  Difcours  fur  les  Infe&es,  tom.  2,  p.  103. 


28o 


Microscopical  Essays. 


and  pupa  ftate,  live  in  the  water ; but  when  they  have  aflumed 
their  perfe£l  form,  they  are  entirely  terreftrial,  and  would  be 
drowned  therein. 

The  notoneda,  the  nepa  or  aquatic  fcorpion,  8cc.  never  quit 
the  water  till  they  have  palled  through  all  their  transformations, 
when  they  become  amphibious,  generally  quitting  it  in  the 
evening. 

The  water-beetles,  of  which  there  are  many  fpecies,  remain  in 
the  water  all  day,  but  towards  evening  come  upon  the  ground 
and  fly  about,  but  plunge  themfelves  again  in  the  water  at  the 
approach  of  the  rifing  fun.  The  1 u vae  of  thefe  infeds  are  entirely 
aquatic  ; but  when  the  time  of  their  pupa  ftate  arrives,  they  take 
to  the  earth,  where  they  make  a fphencal  cafe  : fo  that  thefe  in- 
feds  are  aquatic  as  larva,  terreftrial  as  pupa,  and  amphibious  in 
the  imago  ftate. 

We  find  an  inftance  of  an  infed  that  lives  at  the  fame  time  in 
the  water  and  the  air,  in  the  lingular  larva  defcribed  by  M.  de 
Reaumur,  Memoires  de  l’Acad.  in  1714,  p.  203.  It  has  the  head 
and  tail  in  the  water,  while  the  reft  of  the  body  is  continually 
kept  above  the  furface.  In  order  to  fupport  itfelf  in  this  fmgular 
pofition,  it  bends'  the  body,  bringing  the  head  near  the  tail, 
railing  the  reft  above  the  water,  and  fupporting  itfelf  againft 
fome  fixed  objed,  as  a plant,  or  againft  the  borders  of  the  pond  ; 
or,  if  it  is  placed  in  a glafs  veftel,  againft  the  fides  of  the  veft’el ; 
and  if  the  glafs  be  inclined  gently,  fo  that  the  water  may  nearly 
cover  the  larva,  it  immediately  changes  it’s  pofition,  in  crder  that 
part  of  the  body  may  be  kept  dry. 
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At  the  baths  of  Abano,  a (mail  town  in  the  Venetian  date, 
there  is  a multitude  of  fprings,  ftrongly  impregnated  with  fulphur, 
and  of  a boiling  heat.  In  the  midd  of  thefe  boiling  fprings, 
within  three  feet,  of  four  or  live  of  them,  there  is  a tepid  one 
about  blood-warm.  In  thefe  waters,  not  only  the  common  pota- 
mogeitous  and  confervas,  or  pond- weeds  and  water- modes,  are 
found  growing  in  an  healthy  date  ; but  numbers  of  frnall  black 
water-beetles  are  feen  fwimming  about,  which  die  on  being  taken 
out  and  plunged  fuddenly  into  cold  water.* 

Many  infects  that  live  under  the  furface  of  the  earth  crawl  out 
on  certain  occafions,  as  the  julus,  fcolopendra,  and  the  onifcus  j 
they  are  alfo  often  to  be  found  under  dones,  or  pieces  of  rotten 
wood.  Some  infe&s  remain  underground  part  of  their  life,  but  quit 
that  fituation  after  their  change  ; as  do  fome  caterpillars,  many  of 
the  coleoptrous  clafs,  &c.  We  have  already  taken  notice  that 
numbers  delight  to  dwell  in  filth  and  nadinefs.  The  formica  leo 
forms  it's  habitation  in  the  fand,  as  well  as  many  fpiders  ; one  of 
thefe  forms  a hole  in  the  fand,  and  then  lines  it  with  a kind  of 
filk,  to  prevent  it’s  crumbling  away ; it  generally  keeps  on  the 
watch  near  the  mouth  of  the  hole,  and  if  it  perceives  a dy,  runs 
at  it  with  fuch  velocity,  asfeldom  to  fail  in  it’s  attempt  offeizing 
it,  and  then  carries  it  to  it’s  little  den. 

Another  fpider,  difeovered  by  Mr.  I’Abbe  Sauvage,+  burrows 
in  the  earth  like  a rabbit,  making  a hole  one  or  two  feet  deep,  of 
a regular  diameter,  and  fufficiently  large  to  move  itfelf  with  eafe. 
It  lines  the  whole  of  it,  either  to  keep  the  ground  from  tumbling 

M m in, 

* Jones’s  Phyfiological  Difquifitions,  p.  17 1. 

+ Hiftoire  de  I’Acad.  1758,  p.  26. 
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in,  or  in  order  to  perceive  more  regularly  at  the  bottom  what 
happens  at  the  mouth,  at  which  it  forms  a kind  of  door,  made  of 
different  layers  of  earth,  conne&ed  together  by  threads,  and 
covered  with  a ftrong  web  of  a clofe  texture ; the  threads  are 
prolonged  on  one  fide,  and  fixed  to  the  ground,  fo  as  to  form  a 
ftrong  joint ; the  door  is  hung  in  fuch  a manner,  as  always  to  fall 
by  it’s  own  gravity.  One  of  thefe  cafes,  or  nefls,  is  in  her 
Majefly’s  cabinet  at  Kew. 

Infefts  are  found  no  where  fo  numerous  as  in  trees  and  plants, 
where  they  find  abundant  food.  They  dwell  1.  in  the  roots  ; 
2.  in  the  wood ; 3.  in  the  leaves,  and  in  the  galls  which  grow 
upon  the  leaves  and  branches  ; 4.  in  the  flowers  ; 5.  in  the  fruits 
and  grains.  It  would  be  too  tedious  to  enumerate  the  various 
fpecies  of  thefe  inhabitants  ; many  particular  obfervations  have 
been  already  noticed  ; it  has  alfo  been  mentioned,  that  fome  in- 
habit the  moft  fcetid  fubffances  they  can  find,  while  others 
dwell  with  and  live  on  the  larger  animals ; fo  that  it  only  remains 
juft  to  mention  fome  of  thofe  in  whom  induftry  and  art  is  more 
ftrongly  marked  to  our  eyes  than  in  others. 

4 

Among  the  folitary  bees  there  are  fo  many  curious  circum- 
ftances  to  be  defcribed,  that  a fingle  volume  would  not  fuffice  to 
contain  the  particulars  ; we  fhall  here  only  relate  fuch  as  co  cern 
their  habitations.  One  of  thefe  forms  its  neft  under  ground, 
which  is  compofed  of  feveral  cells  artfully  let  into  each  other,  but 
not  covered  with  a common  inclofure ; each  cell  ccnfifts  of  two 
or  three  membranes,  inexpreftibly  fine,  and  placed  over  each 
other.  The  cavity,  in  which  the  neft  is  placed,  is  fmeared  over 
with  a layer  of  matter,  like  that  of  which  the  cells  are  formed, 
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and  apparently  fimilar  to  that  vifcous  humour  which  fnails  fpread 
in  their  paffage  from  one  place  to  another,  and  it  is  probable  that 
they  are  formed  of  the  fame  materials ; this  fubftance,  though 
of  fo  delicate  a nature,  gives  them  luch  a degree  of  confiflency, 
that  they  may  be  handled  without  altering  their  form.  An  egg  is 
depofited  at  the  bottom  of  each  cell,  where,  after  it  is  hatched, 
the  worm  finds  itfelf  in  the  midft  of  a plentiful  flock  of  provifion : 
for  in  each  cell  there  is  placed  a quantity  of  pafte,  or  a kind  of 
wax,  which  is  to  ferve  as  food  for  the  worm,  and  fupport  the 
wall  of  the  cell.  The  worm  is  alfo  inftru&ed  fo  to  conduft  itfelf, 
and  eat  this  food,  as  to  leave  fufhcient  props  for  fupporting  the 
walls  of  it’s  apartment. 

Many  fpecies  of  thefe  bees  content  themfelves  with  penetrating 
into  the  earth,  fcooping  out  hollow  cavities  therein,  polifhing 
the  walls,  then  depofiting  an  egg  and  a fufhcient  quantity  ot 
provifions. 

There  is  another  fpecies,  that  forms  it’s  nefl  under  ground 
with  remarkable  induffry ; this  bee  generally  makes  a perpendi- 
cular hole  in  the  earth  about  three  inches  deep,  and  cylindrical 
till  it  comes  within  about  three-fourths  of  an  inch  of  the  bottom, 
when  it  begins  to  open  it  wider  ; as  foon  as  the  bee  has  given  it 
the  fuitable  proportions,  it  proceeds  to  line  with  tapeflry  not  only 
the  whole  infide  of  it’s  dwelling,  but  round  the  entrance  : the 
fubftance  with  which  it  is  lined  is  of  a crimfon  colour,  and  looks 
like  fattin.  From  this  circumftance  Mr.  de  Reaumur  * terms  it  the 
tapeflry  bee.  This  tapeftry,  or  lining,  is  formed  of  fragments  of 

Mm2  the 


* Reaumur  Memoires  pour  1’Hiftoire  des  Infectes,  edit.  8vo.  tom.  6,  partie  1,  p.  170, 
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the  flowers  of  the  wild  poppy,  which  fhe  cuts  out  curioufly,  and 
then  feizing  them  with  her  legs,  conveys  them  to  her  nefl.  If  the 
pieces  are  rumpled  fhe  flraitens  them,  and  then  affixes  them  to 
her  walls  with  wonderous  art ; fhe  generally  applies  two  layers 
of  thefe  fragments  on  each  other.  If  the  piece  fhe  has  cut  and 
ranfp  orted  is  too  large  for  the  place  fhe  intends  it  for,  fhe  clips 
off  the  fuperfluous  parts,  and  conveys  the  flireds  out  of  the 
apartment. 

After  the  bee  has  lined  her  cell,  fhe  fills  it  nearly  half  an  inch 
deep  with  a pafle  proper  to  nourifh  the  larva,  when  hatched 
from  the  egg ; when  the  bee  has  amaffed  a fufficient  quantity  of 
pafle,  fhe  then  takes  her  tapeflry,  and  folds  it  over  the  pafle  and 
egg,  which  are  by  tliis  means  inclofed  as  it  were  in  a bag  of  pafle ; 
this  done,  fire  fills  up  with  earth  the  empty  fpace  that  is  above 
the  bag.  There  is  another  bee  which  does  the  fame  with  role 
leaves,  and  in  the  fubflance  of  a thick  poll.  A friend  of  mine 
had  a piece  of  wood  cut  from  a flrong  poll  that  fupported  the  roof 
of  a cart-houfe,  full  of  thefe  cells  or  round  holes,  three-eighths  of 
an  inch  diameter,  and  about  three-fourths  deep,  each  of  which  was 
filled  with  thefe  rofe-leaf  cafes,  finely  covered  in  at  top  and  bottom. 

The  mafon  beeisfo  called  by  Reaumur  from  the  manner  ofit’s 
building  it’s  nefl.  Thefe  bees  collect  with  their  jaws  final  1 par^ 
cels  of  eaith  and  fand,  which  they  glue  together  with  a flrong 
cement,  which  is  furnilhed  trom  the  probofeis ; and  of  this  they 
form  a fimple  but  commodious  habitation,  which  is  generally 
placed  along  walls  that  are  expofed  to  the  fouth.  Each  nefl  rc* 
fembles  a lump  of  rude  earth,  of  about  fix  or  feven  inches 
diameter,  thrown  againfl  the  wall ; the  labour  of  conflrudting  fo 
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large  an  edifice  muft  be  very  great,  as  the  bee  can  only  carry  a 
few  grains  at  a time.  The  exterior  form  is  rude  and  irregular, 
but  the  conltrudlion  and  art  exhibited  in  the  interior  parts  make 
up  for  this  feeming  def'eft  ; it  is  generally  divided  into  twelve  or 
fifteen  cells,  feparated  from  each  other  by  a thick  wall ; in  each 
of  thefe  an  egg  is  depofited  by  the  parent  bee.  The  cells  are  not 
conftru&ed  all  at  once,  for  when  one  is  finifhed  fhe  places  an  egg 
therein,  with  a fufficient  quantity  of  honey  to  nourifh  the  larva  ; 
flte  then  builds  another.  When  the  infe£l  is  arrived  at  a proper 
flate,  it  penetrates  through  it’s  inclofures  by  means  of  it’s  ftrong 
jaws.  When  all  the  bees  have  quitted  the  neft,  there  are  as  many 
holes  on  the  furface  thereof  as  there  are  cells  within.  We  find  no 
neutral  bees  among  this  fpecies,  or  at  leaft  we  do  not  know  of  any 
being  yet  difcovereaj 

Another  fpecies  of  the  folitary  bee  (apis  centuncularis,  Linn.) 
conftrudts  her  neft  in  pieces  of  rotten  wood,  and  has  therefore 
been  called  the  carpenter  bee.  * She  divides  it  into  ftages,  dif- 
pofing  them  fometimes  in  three  rows,  with  partitions  curioufiy 
left  between  each  ; in  thefe  {he  depofits  her  eggs,  with  the  food 
neceffary  for  the  young  ones  when  hatched.  They  feparate  the 
wood  in  a very  expeditious  manner,  by  dividing  it’s  ligneous 
fibres,  or  threads,  till  they  have  made  a proper  fized  hole. 

The  art  and  fagacity  difplayed  by  another  bee,  fi  whofe  nefl  is 
conftrudted  of  fingle  pieces  of  leaves,  is  truly  wonderful.  The 
nefl  itfelf  is  cylindrical,  formed  of  feveral  cells,  placed  one  within 
the  other  as  thimbles  are  in  a hardware  {hop.  The  cells  conliil 

of  . 

* GcofFroy  Hift.  abregec  des  Infeftes,  tom.  2,  p.  401. 
f Reaumur  Memoires  pour  I’Hiftoire  des  Inie£tes,  tom.  6,  par.  1,  p.i  22, 
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ofTeveral  pieces  cut  from  one  leaf,  of  forms  and  proportions 
proper  to  coincide  with  the  place  each  is  intended  to  occupy. 
The  outer  cafe,  or  cover,  is  formed  with  equal  care  and  exatt- 
nefs.  In  a word,  fays  M.  Bonnet,  there  is  io  much  exattnefs, 
fymmetry,  uniformity,  and  {kill,  in  this  little  mafler-piece,  that 
we  fhould  not  believe  it  to  be  the  work  of  a fly,  if  we  did  not 
know  at  what  fchool  (lie  learnt  the  art  of  conftrutting  it.  In 
each- cell  the  mother  depofits  an  almoft  liquid  fubftance,  and  yet 
fo  nicely  are  the  cells  formed,  as  not  to  fuffer  any  of  this  fubftance 
to  be  loft.  But  to  fee  the  detail  of  the  works  of  this  bee,  and  the 
curious  mechanifm  of  it’s  cells,  we  muft  refer  the  reader  to  Mr. 
de  Reaumur’s  admirable  hiftory  of  infetts. . 

Of  the  mafon  ichneumon  wafp  * (fphex,  LinnA  The  pro- 
ceedings of  this  are  totally  different  from  thofe  of  the  common 
wafp,  though  equally  curious  with  them.  It  generally  begins 
it’s  work  in  May,  and  continues  at  it  for  the  greateft  part  of 
June.  The  true  objett  of  her  labour  feems  to  be  the  digging  of 
a hole  a few  inches  deep  in  the  ground;  yet  in  the  conftrutting  of 
this  fhe  forms  a hollow  tube  above  ground,  the  bafe  of  which  is 
the  opening  of  the  hole,  and  which  it  raifes  as  high  above  ground 
as  the  hole  is  deep  below ; it  is  formed  with  a great  deal  of  care, 
refembling  a grofs  kind  of  fillagree  work,  confifting  of  the  fand 
drawn  from  the  hole.  The  fand  out  of  which  fhe  excavates  her 
cell  is  nearly  as  hard  as  a common  ftone ; this  it  readily  foftens 
with  a penetrating  liquor,  with  which  fhe  is  well  provided ; a 
drop  or  two  of  it  is  imbibed  immediately  by  the  fand  on  which  it 
falls,  which  is  inftantly  rendered  fo  foft,  that  (he  canfeparate  and 
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knead  it  with  her  teeth  and  fore  feet,  forming  it  into  a fmall  ball, 
which  fhe  places  on  the  edge  of  the  hole  as  the  foundation-done 
of  the  pillar  (he  is  going  to  ereft : the  whole  of  it  is  formed  of 
fuch  balls,  ranged  circularly,  and  then  placed  one  above  the 
other.  She  leaves  her  work  at  intervals,  probably  in  order  to 
renew  her  dock  of  that  liquor  which  is  fo  necedary  for  her  opera- 
tions ; thefe  intervals  are  of  diort  duration  ; die  foon  returns  to 
her  work,  and  labours  with  fo  much  aflivity  and  ardour, 
that  in  a few  hours  die  will  dig  a hole  two  or  three  inches  deep, 
and  raife  a hollow  pillar  two  inches  high.  After  the  column 
has  been  raifed  a certain  heighth  perpendicularly  from  the 
hole,  it  begins  to  curve  a little,  which  curvature  increafes  till 
it  is  finiflied,  though  the  cylindrical  form  is  maintained  : die  con- 
drufts  feveral  of  thefe  holes  all  of  the  fame  form,  and  for  the 
fame  purpofe. 

It  is  eafy  to  fee  why  the  hole  was  dug  in  the  ground  ; that  it 
was  dedined  to  receive  an  egg ; but  it  is  not  fo  eafy  to  perceive 
whv  the  tube  of  fand  was  formed.  By  attending  to  the  labours  of 
the  wafp,  one  end,  however,  may  be  difcovered  ; it  will  be  found 
to  ferve  the  purpofe  of  a fcaffold,  and  that  the  Balls  are  as  ufeful 
to  the  wafp,  as  materials,  &c.  to  the  mafon ; and  are,  therefore, 
placed  as  much  within  her  reach  as  podible.  She  ufes  them  to 
(lop  and  fill  up  the  hole  after  (he  has  depodted  an  egg  therein, 
fo  that  the  pillar  is  then  dedroyed,  and  not  the  lead  remains  left 
in  the  ned.  The  parent  wafp  generally  leaves  ten  or  twelve 
worms  as  provihon  necedary  and  proper  for  the  growth  of  the 
young  larva  : no  purveyor  could  take  better  precautions  than 
our  wafp,  for  fhe  has  received  her  indru&ions  from  Him  who 
provides  for  the  necedities  of  all  his  creatures.  In  felefting  the 
4 worms. 
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worms,  (lie  chufes  them  of  a proper  fize,  that  they  may  be  fuF- 
ficient  in  quantity,  and  of  an  age  that  will  not  be  in  danger  of 
perifhing  with  hunger,  in  which  cafe  they  would  have  been  cor- 
rupted ; (he  therefore  feledls  them  when  they  have  their  full 
growth.  It  is  alfo  obferved,  that  if  flue  chufes  a larger  fort  fhe 
gives  a lefs  number  of  them,  and  fo  reciprocally. 

<c  By  thefe  and  fuch  like  in  fiances,  every  rational  mind  may 
confirm  itfelf  in  favour  of  a Divine  agency ; for  human  reafon, 
if  it  be  fo  difpofed,  may  colledl  and  be  convinced  from  the  various 
operations  in  the  vifible  world,  that  there  is  a God,  and  that  he 
is  one  ; * a truth  that  is  proved  by  innumerable  teftimonies  ; for 
the  univerfe  is  as  a theatre,  on  which  the  evidence  of  the  exig- 
ence of  a God  and  his  unity  are  continually  exhibited;  and  from 
thefe  it  may  be  feen,  that  God  is  the  foie  operator  by  and  through 
■ nature : for  it  is  clear  that  nature  cannot  regard  ufes  as  the  ends 
of  her  operations,  or  difpofe  fuch  ufes  into  their  orders  and  forms. 
This  is  in  the  power  of  none  but  a wife  being,  and  of  confe- 
quence  of  none  but  God.  wjaofe  wifdom  being  infinite,  can  fo 
order  and  form  the  univerfe,  as  to  make  it  a coherent  and  uniform 
work,  all  promoting  and  forming  a complex  of  ufes  in  orderly 
arrangement,  for  the  fervice  of  man,  who  is  to  be  a conffituent 
of  heaven  : for  the  Divine  Love  cannot  defign  any  other  end  be- 
fides  the  eternal  happinefs  of  the  human  race,  by  the  communi- 
cation of  itfelf,  and  the  Divine  Wifdom  can  produce  nothing  but 

ufes 


* The  fyftem  one,  one  Maker  flands  confefs’d, 

The  prime,  the  cne,  the  wond’rous  and  the  blefs’d, 

The  one  in  various  forms  of  unity  exprefs’d. 

Brooke’s  Univerfal  Beauty,  b.  iii. 
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lifes  for  the  promotion  of  that  end.  By  contemplating  the  world 
under  this  enlarged  idea,  every  wife  man  may  difcern  that  the 
Creator  of  the  univerfe  is  one,*  and  that  his  effence  is  love  and 
wifdom and  that  he  effe&s  whatfoever  is  done  in  nature,  by  his 
own  operation,  through  the  medium  of  the  various  celellial  and 
fpiritual  hierarchies,  gradually  defcending  from  the  higheft  orders 
of  this  immenfe  chain  to  the  lowed:., 

Between  the  lowed  and  higheft  degree  of  corporeal  or  fpiritual 
perfection,  there  is  an  almoft  infinite  number  of  intermediate  de- 
grees: the  refult  of  thefe  degrees  compofes  the  universal 
chain.  This  unites  all  beings,  connects  all  worlds,  and  com- 
prehends all  fpheres.  One  sole  being  is  out  of  this  chain,  and 
that  is  He  that  formed  it.  f Again,  life  itfelf,  and  confequently 
the  Lord,  is  the  fupreme,  only,  and  infinite  ufe ; all  other  exift- 
encies  in  heaven  or  earth,  whether  fpiritual  or  natural,  are  only 
ultimate  effeCts,  or  manifeftations  from  that  one  infinite  caufe, 
exhibiting  emblems  of  the  one,  eternal,  infinite  ufe. 

From  a retrofpeCfive  view  of  this  chapter,  we  may  obferve  a 
{hiking  difference  between  man  and  the  lower  orders  of  animal 
creation.  Man  is  bom  totally  ignorant ; fo  much  fo,  that  he 
has  no  knowledge  even  of  the  mother’s  breaft,  till  he  has  been 

N n brought 

* Hence  endless  good  ; Tience  endless  order  fprings ; 

Hence  that  importance  in  minutefl  things; 

And  endlefs  hence  dependence  mult  endure, 

Blest  in  his  will,  and  in  his  power  fee ure. 

Brooke’s  Univerfal  Beauty,  b.  vi. 
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brought  acquainted  with  it  by  repeated  trials;  he  has  no  innate 
ideas,  is  unable  to  chufe  what  is  proper  for  his  food  ; he  cannot 
form  his  voice  to  any  articulate  pronunciation,  or  to  exprefs  the 
affeftions  of  love : whereas,  the  beaft,  the  bird,  and  the  infeft, 
are  born  to  all  that  knowledge  which  is  neceffary  for  the  gratifi- 
cation of  thofe  defires,  or  that  love  which  forms  their  life;  and 
confequently  in  the  knowledge  of  every  thing  relating  to  their 
well  being,  their  food,  their  habitations,  the  commerce  of  the 
fexes,  their  provifion  for  their  young,  See. : from  the  impulfe  of 
the  pleafure  arifing  from  thefe  innate  defires  and  affeftions,  the 
larva  is  alfo  prompted  to  feek  and  afpire  after  a change  of  it’s 
earthly  ftate.  If  it  were  not  foreign  to  the  fubjeft  in  hand,  it 
might  be  eafy  to  (hew,  by  a variety  of  reafons,  that  this  imper- 
fection of  man  at  his  nativity  conftitutes  his  real  perfection,  and 
places  him  infinitely,  if  I may  fo  fpeak,  above  the  brute  creation : 
for  man  is  not  created  relatively  perfeft,  but  formed  a recipient 
of  all  perfection. 

From  this  view  of  things,  we  may,  however,  perceive  that  ani- 
mals are  born  in  order,  and  confequently  the  Divine  agency 
influences  or  aCts  on  them  more  immediately.  The  fame  wifdom 
which  has  conftruCted  and  arranged  their  various  organs  with  fo 
much  art,  that  they  may  concur  to  one  determinate  end,  direCts 
the  animal  towards  this  end.  Hence  it  executes  with  precifion 
the  works  we  fo  much  admire : hence  it  feems  to  aft  as  if  it  was 
capable  of  reafoning.  It  is  excited  to  all  this  by  that  adorable 
mind  which  has  traced  out  to  every  infeft  it’s  little  circle,  as  he 
has  marked  out  to  each  planet  it’s  proper  orbit.  When,  therefore, 
we  fee  an  infeft  working  a neft,  a chryfalis,  &c.  we  fhould  view 
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it  with  refpeft,  becaufe  we  are  beholding  a fcene  behind  which 
the  supreme  artist  is  concealed  from  our  eyes. 

We  may  hence,  alfo,  perceive  that  the  operations  of  infers  are 
the  ultimate  refult  of  the  principles  of  life,  upon  their  organiza- 
tion, which  correfponds  to  the  part  they  are  to  aft  in  the  grand 
machine  of  the  world  ; they  are,  indeed,  but  fmall  parts,  but 
then  thefe  parts  concur  to  produce  one  general  effeft,  by  their 
being  interwoven  with  more  important  ones  ; fo  that  the  thread 
fpun  by  a caterpillar  has  it’s  relations  to  the  univerfe  as  well  as 
the  ring  of  Saturn.*  But  how  immenfe  the  number  of  parts, 
which  are  interpofed  between  this  thread  and  the  ring  of  Saturn’ 
and  between  Saturn  and  the  worlds  of  Syrius  ! If  the  uni- 
verfe is  one  whole,  the  thread  of  the  caterpillar  will  alfo  be 
connefted  with  the  worlds  of  Syrius.  How  great  muft  that  mind 
be  which  can  comprehend  this  immenfe  chain  of  various  relations, 
and  can  perceive  them  all  to  refolve  into  unity,  unity  mani- 
fefted  in  Jehovah  Jesus  ! It  behoves  us  to  remain  in  the  place 
that  has  been  allotted  for  us,  from  whence  we  can  only  difcover 
fome  links  of  the  chain.  One  day  we  {hall  difcover  more,  and 
lee  things  more  diflinftly  : mean  while  we  may  confider  thefe 
proceedings  of  the  infeft  race,  which  are  fo  diverfified  and  replete 
with  induftrv,  as  an  agreeable  fpeftacle  that  furnifhes  us  with  an 
inexhauflible  fource  of  real  pleafure,  andufeful  inflruftion  ; that 
leads  us  to  the  Author  of  the  univerfe  as  it  were  by  the  thread  of 
the  caterpillar,  and  which  makes  us  admire  in  the  variety  of  their 
means,  and  in  their  tendency  to  the  fame  end,  the  fecundity  and. 
wifdom  of  the  ordaining  mind. 
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As  no  infers  exceed  the  termites  in  their  wonderful  ceconorrm 
wife  contrivances,  and  ftupendous  buildings,  it  will  be  proper  tos 
give  the  reader  fome  account  of  them,  which  we  are  enabled  to 
do  from  the  excellent  paper  defcribing  them,  which  was  written 
by  the  late  Mr.  Smeathman,  and  publifhed  in  the  Philofophical 
Tranfaflions  for  the  year 

The  termites  are  reprefented  by  Linnaeu3  as  the  greateff 
plagues  of  both  Indies,  and  are  indeed  every  way  between  the 
tropics  fo  deemed,  from  the  vaff  damages  they  caufe,  and  the 
Ioffes  which  are  experienced,  in  confequence  of  their  eating  and 
perforating  wooden  buildings,  utenfils,  furniture,  See.  which  are 
totally  deltroyed  by  them,  if  not  timely  prevented  ; for  nothing' 
lefs  hard  than  metal  or  (lone  can  efcape  their  moil  deffru&ive- 
jaws. 

They  have  been  taken  notice  of  by  various  travellers,  in  differ* 
ent  parts  of  the  torrid  zone  ; and  indeed,  where  numerous,  as 
is  the  cafe  in  all  equinoflial  countries  and  illands  that  are  not 
fully  cultiva'.ed,  if  a perfon  has  not  been  incited  by  curiofity  to 
obferve  them,  he  muff  have  been  very  fortunate,  who,  after  a 
fhort  refidence,  has  not  been  compelled. to  it  for  the  fafety  of  his 
property. 

Thefe  infefls  have  generally  obtained  the  name  of  ants ; it  may 
be  prefumed,  from  the  fimilarity  in  their  manner  of  living,  which 
is  in  large  communities,  that  erefl  very  extraordinary  nefts,  for 
the  moft  part  on  the  furface  of  the  ground ; from  whence  their 
excurfions  are  made  through  fubterraneous  paffages,  or  covered 
galleries,  which  they  build,  whenever  neceffity  obliges,  or  plunder 
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induces  them  to  march  above  ground,  and  at  a great  didance' 
from  their  habitations,  carry  on  a bufinefs  of  depredation  and  de- 
finition, fcarce  credible  but  to  thofe  who  have  feen  it;  but  not- 
withdanding  they  live  in  communities,  and  are  like  the  ants  om- 
nivorous, though  like  them  at  a certain  period  they  are  furmfhed 
with  four  wings,  and  emigrate  or  colonize  at  the  fame  feafon, 
they  are  by  no  means  the  fame  kind  of  infects,  nor  does  their 
form  correfpond  with  that  of  ants  in  any  one  date  of  their 
exidence. 

The  termites  refemble  the  ants  alfo  in  their  provident  and 
diligent  labour,  but  furpafs  them,  as  well  as  the  bees,  wafps> 
beavers,  and  all  other  animals,  in  the  arts  of  building,  as  much  as, 
the  Europeans  excel  the  lead  cultivated  favages.  It  is  more  than 
probable  they  excel  them  as  much  in  fagacity,  and  the  arts  of 
government ; it  is  certain  they  fhew  more  fubdantial  indances  of 
their  ingenuity  and  indudry  than  any  other  animals  ; and  do,  in 
faff,  lay  up  vad  magazines  of  provifions  and  other  dores  ; a de- 
gree of  prudence,  which  has  of  late  years  been  denied,  perhaps 
without  reafon,  to  the  ants.. 

The  communities  confid  of  one  male  and  one  female,  (who  are 
generally  the  common  parents  of  the  whole,  or  greater  part  of 
the  red)  and  of  three  orders  of  infefts,  apparently  of  very  differ- 
ent fpecies,  but  really  the  fame,  which  together  compofe  great 
commonwealths,  or  rather  monarchies. 

The  great  Linnaeus  having  feen  or  heard  of  but  two  of  thefe 
orders,  has  claffed  the  genus  erroneoudy ; for  he  has  placed  it 
among  the  aptera,  or  infecls  without  wings ; whereas  the  chief 
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order,  that  is  to  fay,  the  infeft  in  it’s  perfeft  (late,  having  four 
wings,  without  any  fting,  it  belongs  to  the  neuroptera,  in  which 
clafs  it  will  conftitute  a new  genus  of  many  fpecies. 

The  different  fpecies  of  this  genus  refemble  each  other  in  form, 
in  their  manner  of  living,  and  in  their  good  and  bad  qualities  ; 
but  differ  as  much  as  birds  in  the  manner  of  building  their  habi- 
tations or  nefts,  and  in  the  choice  of  the  materials  of  which  they 
compofe  them. 

There  are  fome  fpecies  which  build  upon  the  furface  of  the 
ground,  or  part  above,  and  part  beneath ; and  one  or  two  fpe- 
cies, perhaps  more,  that  build  on  the  Item  or  branches  of  trees. 

Of  every  fpecies  there  are  three  orders  ; fir  ft,  the  working  in- 
fers, which,  for  brevity,  we  fhall  generally  call  labourers;  next 
the  fighting  ones,  or  foldiers,  which  do  no  kind  of  labour ; and 
laft  of  all,  the  winged  ones,  or  perfeft  infers,  which  are  male 
and  female,  and  capable  of  propagation  : thefe  might  very  ap- 
pofitely  be  called  the  nobility,  or  gentry,  for  they  neither  labour, 
nor  toil,  nor  fight,  being  quite  incapable  of  either,  and  ahnoft  of 
felf-defence.  Thefe  only  are  capable  of  being  elected  kings  or 
queens ; and  nature  has  fo  ordered  it,  that  they  emigrate  within 
a few  weeks  after  they  are  elevated  to  this  ftate,  and  either  efta- 
blifh  new  kingdoms,  or  perifh  within  a day  or  two. 

The  termes  belli cosus  being  the  largeft  fpecies,  is  mod 
remarkable,  and  beft  known  on  the  coaft  of  Africa.  It  erefts 
immenfe  buildings  of  well-tempered  clay,  or  earth,  which  are 
contrived  and  finifhed  with  fuch  art  and  ingenuity,  that  we  are 
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at  a Iofs  to  fay  whether  they  are  mod  to  be  admired  on  that 
account,  or  for  their  enormous  magnitude  and  folidity. 

The  reafon  that  the  larger  termites  have  been  molt  remarked 
is  obvious ; they  not  only  build  larger  and  more  curious  nefts, 
but  are  alfb  more  numerous,  and  do  infinitely  more  mifchief  to 
mankind.  When  thefe  infefls  attack  fuch  things  as  we  would  not 
wifh  to  have  injured,  we  mufl  confider  them  as  moll:  pernicious  ; 
but  when  they  are  employed  in  defiroying  decayed  trees,  and  fub- 
ftances  which  only  incumber  the  furface  of  the  earth,  they  riiay 
juftly  be  fuppofed  very  ufeful ; and  for  the  reafon  that  they  are 
in  one  fenfe  mod  pernicious,  they  are  in  the  other  mod  ufefuL 
In  this  refpedt  they  refemble  very  much  the  common  flies,  which 
are  regarded  by  mankind  in  general  as  noxious,  and  at  beft  as 
ufelefs  beings  in  the  creation. 

The  nefts  of  this  fpecies  are  fo  numerous  all  over  the  ifland  of 
Bananas,  and  the  adjacent  continent  of  Africa,  that  it  is  fcarce 
poflible  to  (land  upon  any  open  place,  fuch  as  a rice  plantation, 
or  other  clear  fpot,  where  one  of  thefe  buildings  is  not  to  be  feen 
almoft  clofe  to  each  other.  In  fome  parts  near  Senegal,  as  men- 
tioned by  M.  Adanfon,  their  number,  magnitude,  and  clofenefs 
of  fituation,  make  them  appear  like  the  villages  of  the  natives. 

Thefe  buildings  are  ufually  termed  hills,  by  natives  as  well  as 
ftrangers,  from  their  outward  appearance,  which  is  that  of  little 
hills,  more  or  lefs  conical,  generally  very  much  in  the  form  of 
fugar  loaves,  and  about  ten  or  twelve  feet  in  perpendicular 
height  above  the  common  furface  of  the  ground. 
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Thefe  hills  continue  quite  bare  until  they  are  fix  or  eight  feet 
high  ; but  in  time  the  dead  barren  clay,  of  which  they  are  com- 
pofed,  becomes  fertilized  by  the  genial  power  of  the  elements  in 
thefe  prolific  climates,  and  the  addition  of  vegetable  falts  and 
other  matters  brought  by  the  wind ; and  in  the  fecond  or  third 
year,  the  hillock,  if  not  over-fhaded  by  trees,  becomes  like  the 
reft  of  the  earth,  almoft  covered  with  grafs  and  other  plants  ; 
and  in  the  dry  feafon,  when  the  herbage  is  burnt  up  by  the  rays 
of  the  fun,  it  is  not  much  unlike  a very  large  hay-cock. 

Every  one  of  thefe  buildings  confifts  of  two  diftin6t  parts,  the 
exterior  and  the  interior. 

/ 

The  exterior  is  one  large  fhell,  in  the  manner  of  a dome,  large 
and  /ftrong  enough  to  inclofe  and  fhelter  the  interior  from  the 
viciftitudes  of  the  weather,  and  the  inhabitants  from  the  attacks 
of  natural  or  accidental  enemies.  It  is  always,  therefore,  much 
ftronger  than  the  interior  building,  which  is  the  habitable  part, 
divided  with  a wonderful  kind  of  regularity  and  contrivance  into 
an  amazing  number  of  apartments,  for  the  refidence  of  the  king 
and  queen,  and  the  nurfing  of  their  numerous  progeny ; or  for 
magazines,  which  are  always  found  well  filled  with  (lores  and 
provifions. 

Thefe  hills  make  their  frrft  appearance  above  ground  by  a 
little  turret  or  two,  in  the  fhape  of  fugar  loaves,  which  are  run  a 
foot  high,  or  more ; foon  after,  at  fome  little  diftance,  while  the 
former  are  increafing  in  height  and  fize,  they  raife  others,  and  fo 
go  on  increafing  the  number,  and  widening  them  at  the  bale,  till 

their  works  below  are  covered  with  thefe  turrets,  which  they 
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always  raife  the  higheft  and  largeft  in  the  middle,  and  by  filling 
up  the  intervals  between  each  turret,  collefi  them  as  it  were  into 
one  dome. 

They  are  not  very  curious  or  exaft  about  thefe  turrets,  except 
in  making  them  very  folid  and  ftrong  ; and  when,  by  the  jun&ion 
of  them,  the  dome  is  completed,  for  which  purpofe  the  turrets 
anfwer  as  fcaffolds,  they  take  away  the  middle  ones  entirely,  ex- 
cept the  tops,  (which  joined  together  make  the  crown  of  the 
cupola)  and  apply  the  clay  to  the  building  of  the  works  within, 
or  to  erefting  frefh  turrets  for  the  purpofe  of  raifing  the  hillock 
(till  higher  ; fo  that  no  doubt  fome  part  of  the  clay  is  ufed  feveral 
times,  like  the  boards  and  polls  of  a mafon’s  fcaffold. 

The  outward  (hell,  or  dome,  is  not  only  of  ufe  to  protefl  and 
fupport  the  interior  buildings  from  external  violence,  and  the 
heavy  rains,  but  to  colleft  and  preferve  a regular  degree  of  genial 
warmth  and  moillure,  which  feems  very  necelfary  for  hatching 
the  eggs  and  cherilhing  the  young  ones. 

The  royal  chamber,  which,  on  account  of  it’s  being  adapted 
for,  and  occupied  by  the  king  and  queen,  appears  to  be,  in  the 
opinion  of  this  little  people,  of  the  moft  confequence,  being 
always  fituated  as  near  the  center  of  the  interior  building  as 
polfible,  and  generally  about  the  height  of  the  common  furface 
of  the  ground,  at  a pace  or  two  from  the  hillock  ; it  is  always 
nearly  in  the  fhape  of  half  an  egg,  or  an  obtufe  oval  within,  and 
may  be  fuppofed  to  reprefent  a long  oven, 

O Q 


In 


Microscopical  Essays. 


298 

In  the  infant  hate  of  the  colony,  it  is  not  above  an  inch,  or 
thereabouts,  in  length ; but  in  time  will  be  increafed  to  fix  or 
eight  inches,  or  more,  in  the  clear,  being  always  in  proportion 
to  the  fize  of  the  queen,  who,  increafing  in  bulk  as  in  age,  at 
length  requires  a chamber  of  fuch  dimenfions. 

The  floor  is  perfe£lly  horizontal,  and  in  large  hillocks,  fome- 
times  an  inch  thick  and  upward  of  folid  clay ; the  roof  alfo,  which 
is  one  folid  and  well-turned  oval  arch,  is  generally  of  about  the 
fame  folidity,  but  in  fome  places  it  is  not  a quarter  of  an  inch 
thick  ; this  is  on  the  fides  where  it  joins  the  floor,  and  where  the 
doors  or  entrances  are  made  level  therewith,  at  pretty  equal 
diftances  from  each  other. 

Thefe  entrances  will  not  admit  any  animal  larger  than  the 
foldiers  or  labourers ; fo  that  the  king,  and  the  queen  (who  is,  when 
full  grown,  a thoufand  times  the  weight  of  a king)  can  never 
poflibly  go  out. 

The  royal  chamber,  if  in  a large  hillock,  is  furrounded  by  arc 
innumerable  quantity  of  others,  of  different  flzes,  fhapes,  and 
dimenfions ; but  all  of  them  arched  in  one  way  or  another,  fonK> 
times  circular,  and  fometimes  elliptical  or  oval. 

Thefe  either  open  into  each  other,  or  communicate  by  paflages 
as  wide,  and  being  always  empty,  arc  evidently  made  for  the 
foldiers  and  attendants ; of  whom,  it  will  foon  appear,  great 
numbers  are  neceflary,  and  of  courfe  always  in  waiting. 
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Thefe  apartments  are  joined  by  the  magazines  and  nurferies ; 
the  former  are  chambers  of  clay,  ar  d are  always  well  filled  with 
provisions,  which  to  the  naked  eye  feem  to  confift  of  the  rafpings 
of  wood  and  plants,  which  the  termites  deftroy,  but  are  found  in 
the  microfcope  to  be  principally  the  gums  or  infpiflated  juices  of 
plants.  Thefe  are  thrown  together  in  little  maft'es,  fome  of  which 
are  finer  than  others,  and  referable  the  fugar  about  preferved 
fruits  ; others  are  like  tears  of  gum,  one  quite  tranfparent,  ano- 
ther like  amber,  a third  brown,  and  a fourth  quite  opake,  as  we 
fee  often  in  parcels  of  ordinary  gums. 

Thefe  magazines  are  intermixed  with  the  nurferies,  which  are 
buildings  totally  different  from  the  reft  of  the  apartments ; for 
thefe  are  compofed  entirely  of  wooden  materials,  feemingly  joined 
together  with  gums.  They  are  called  nurferies  becaufe  they  are 
invariably  occupied  by  the  eggs  and  young  ones,  which  appear  at 
firft  in  the  fhape  of  labourers,  but  white  as  fnow.  Thefe  build- 
ings are  exceedingly  compafl,  and  divided  into  many  very  final! 
irregular-fhaped  chambers,  not  one  of  which  is  to  be  found  of 
half  an  inch  in  width  ; they  are  placed  all  round  the  royal  apart- 
ments, and  as  near  as  poftible  to  them. 

When  the  neft  is  in  the  infant  ftate,  the  nurferies  are  clofe  to 
the  royal  chamber ; but  as  in  procefs  of  time  the  queen  enlarges, 
it  is  ncceffary  to  enlarge  the  chamber  for  her  accommodation ; 
and  as  fhe  then  lays  a greater  number  of  eggs,  and  requires  a 
greater  number  of  attendants,  fo  it  is  neceffary  to  enlarge  and  in- 
^creafe  the  number  of  the  adjacent  apartments ; for  which  purpofe, 
the  finall  nurferies,  which  are  firft  built,  are  taken  to  pieces, 
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rebuilt  a little  farther  off  a fize  bigger,  and  the  number  of  them 

increafed  at  the  fame  time. 

Thus  they  continually  enlarge  their  apartments,  pull  down, 
repair,  or  re-build,  according  to  their  wants,  with  a degree  of 
fagacity,  regularity,  and  forefight,  not  even  imitated  by  any  other 
kind  of  animals  or  infedls. 

Thenurferies  are  inclofed  in  chambers  of  clay,  like  thofe  which 
contain  the  provifions,  but  much  larger.  In  the  early  hate  of  the 
neft  they  are  not  bigger  than  an  hazel-nut,  but  in  great  hills  are 
often  as  large  as  a child’s  head  of  a year  old. 

The  difpofition  of  the  interior  parts  of  thefe  hills  is  very  much 
alike,  except  when  fome  infurmountable  obhacle  prevents ; for 
inftance,  when  the  king  and  queen  have  been  hrft  lodged  near 
the  foot  of  a rock,  or  of  a tree,  they  are  certainly  built  out  of  the 
ufual  form,  otherwife  pretty  nearly  according  to  the  following 
plan. 

The  royal  chamber  is  fituated  at  about  a level  with  the  furface 
of  the  ground,  at  an  equal  dihancefrom  all  the  fides  of  the  build- 
ing, and  direflly  under  the  apex  of  the  hill.  It  is  on  all  fides, 
both  above  and  below,  furrounded  by  what  may  be  called  the 
royal  apartments,  which  have  only  labourers  and  foldiers  in 
them,  and  can  be  intended  for  no  other  purpofe  than  for  thefe  to 
wait  in,  either  to  guard  or  ferve  their  common  father  and  mother,, 
on  whofe  fafety  depends  the  happinefs,  and,  according  to  the 
negroes,  even  the  exiflence  of  the  whole  community. 
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Thefe  apartments  compofe  an  intricate  labyrinth,  which  ex- 
tends a foot  or  more  in  diameter  from  the  royal  chamber  on  every 
fide.  Here  the  nurferies  and  magazines  of  provifions  begin,  and 
being  feparated  by  fmall  empty  chambers  and  galleries,  which  go 
round  them,  or  communicate  from  one  to  the  other,  are  continued 
on  all  fides  to  the  outward  fhell,  and  reach  up  within  it  two-thirds 
or  three-fourths  of  it’s  height,  leaving  an  open  area  in  the  middle 
under  the  dome,  which  very  much  refembles  the  nave  of  an  old 
cathedral ; this  is  furrounded  by  three  or  four  very  large  gothic- 
fhaped  arches,  which  are  fometimes  two  or  three  feet  high  next 
the  front  of  the  area,  but  diminifir  very  rapidly  as  they  recede 
from  thence,  like  the  arches  of  aifies  in  perfpeftive,  and  are  loon 
loll  among:  the  innumerable  chambers  and  nurferies  behind  them. 

All  thefe  chambers,  and  the  pafiages  leading  to  and  from  them, 
being  arched,  they  help  to  fupport  one  another ; and  while  the 
interior  large  2rches  prevent  them  falling  into  the  center,  and 
keep  the  area  open,  the  exterior  building  fupports  them  on  the 
outfide. 

There  are,  comparatively  fpeaking,  few  openings  into  the  great 
area,  and  they  for  the  mod  part  feem  intended  only  to  admit  that 
genial  warmth  into  the  nurferies  which  the  dome  collects. 

The  interior  building,  or  afiemblage  of  nurferies,  chambers^ 
&c.  has  a fiattifh  top,  or  roof,  without  any  perforation,  which 
w ould  keep  the  apartments  below  dry,  in  cafe  through  accident 
the  dome  fhould  receive  any  injury,  and  let  in  water ; and  it  is 
never  exaflly  flat  and  uniform,  becaufe  they  are  always  adding  to 
it  by  building  more  chambers  and  nurferies : fo  that  the  divifions, 
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or  columns,  between  the  future  arched  apartments,  refemble  the 
pinnacles  upon  the  fronts  of  fome  old  buildings,  and  demand 
particular  notice,  as  affording  one  proof  that  for  the  mod  part 
the  infe&s  project  their  arches,  and  do  not  make  them  by  exca- 
vation. 

The  area  has  alfo  a flattifh  floor,  which  lies  over  the  royal 
chamber,  but  fometimes  a good  height  above  it,  having  nurferies 
and  magazines  between.  It  is  like  wife  water-proof,  and  con- 
trived fo  as  to  let  the  water  off,  if  it  fhould  get  in  and  run  over, 
by  fome  fhort  way,  into  the  fubterraneous  padages,  which  run 
tinder  the  lowed  apartments  in  the  hill,  in  various  directions,  and 
are  of  an  adonidiing  fize,  being  wider  than  the  bore  of  a great 
cannon.  There  is  an  account  of  one  that  was  meafured,  that 
was  perfeftly  cylindrical,  and  thirteen  inches  in  diameter. 

Thefe  fubterraneous  padages,  or  galleries,  are  lined  very  thick 
with  the  fame  kind  of  clay  of  which  the  hill  is  compofed,  and 
afcend  the  infide  of  the  outward  (hell  in  a fpiral  manner ; and 
winding  round  the  whole  building  up  to  the  top,  interfeft  each 
other  at  different  heights,  opening  either  immediately  into  the 
dome  in  various  places,  and  into  the  interior  building,  the  new 
turrets,  &c.  or  communicating  thereto  by  other  galleries  of 
different  bores  or  diameters,  either  circular  or  oval. 

From  every  part  of  thefe  large  galleries  are  various  fmall  pipes, 
or  galleries,  leading  to  diderent  parts  of  the  building  ; under 
ground  there  are  a great  many  which  lead  downward,  by  doping 
defcents  thjee  and  four  feet  perpendicular  among  the  gravel,  from 
whence  the  labouring  termites  cull  the  dner  parts,  which  being 
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worked  up  in  their  mouths  to  the  confidence  of  mortar,  becomes 
that  folid  clay,  or  done,  of  which  their  hills  and  all  their  build- 
ings, except  their  nurferies,  are  compofed. 

Other  galleries  again  afcend  and  lead  out  horizontally  on  every 
fide,  and  are  carried  under  ground  near  to,  the  furface,  a vad 
didance : for  if  you  dedroy  all  the  neds  within  one  hundred 
yards  of  your  houfe,  the  inhabitants  of  thofe  which  are  left  un~ 
moleded  farther  off,  will  neverthelefs  carry  on  their  fubterraneous 
galleries,  and  invade  the  goods  and  merchandizes  contained  in  it 
by  fap  and  mine,  and  do  great  mifchief  if  you  are  not  very 
circumfpefh. 

But  to  return  to  the  cities  from  whence  thefe  extraordinary  ex- 
peditions and  operations  originate,  it  feems  there  is  a degree  of 
necedity  for  the  galleries  under  the  hills  being  thus  large,  being 
the  great  thoroughfares  for  all  the  labourers  and  foldiers  going 
forth  or  returning  upon  any  bufinefs  whatever,  whether  fetching 
clay,  wood,  water,  or  provifions ; and  they  are  certainly  well 
calculated  for  the  purpofes  to  which  they  are  applied,  by  the 
fpiral  dope  which  is  given  them  ; for  if  they  were  perpendicular, 
the  labourers  would  not  be  able  to  carry  on  their  building  with 
fo  much  facility,  as  they  afcend  a perpendicular  with  difficulty, 
and  the  loldiers  can  fcarce  do  it  at  all.  It  is  on  this  account  that 
fometimes  a road  like  a ledge  is  made  on  the  perpendicular  fide 
of  any  part  of  the  building  within  their  hill,  which  is  fiat  on  the 
upper  furface,  and  half  an  inch  wide,  and  afcends  gradually  like 
a dair-cafe,  or  like  thofe  roads  which  are  cut  on  the  fides  of  hills 
and  mountains,  that  would  otherwife  be  inaccedible : by  which, 
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and  fimilar  contrivances,  they  travel  with  great  facility  to  every 
interior  part. 

Having  given  fome  idea  of  the  neds,  we  now  proceed  to  give 
a more  particular  account  of  the  infefls  themfelves,  which  will 
be  exceedingly  necelfary  to  a tolerable  acquaintance  with  their 
ceconomy  and  management,  their  manner  of  building,  fighting, 
and  marching,  and  to  a more  particular  account  of  their  ufes  in 
the  creation,  and  of  the  vaft  mifchief  they  caufe  to  mankind. 
There  are  of  every  fpecies  of  termites  three  orders ; of  thefe 
orders  the  working  infers,  or  labourers,  are  always  the  mod 
numerous;  in  the  termes  bellicosus  there  feem  to  be  at  the 
lead  one  hundred  labourers  to  one  of  the  fighting  infers,  cr  fol- 
diers.  They  are  in  this  date  about  one-fourth  of  an  inch  long, 
and  twenty-five  of  them  weigh  about  a grain,  fo  that  they  are  not 
fo  large  as  fome  of  our  ants  ; from  their  external  habit  and  fond- 
nefs  for  wTood,  they  have  been  very  expredively  called  wood-lice 
by  fome  people,  and  the  whole  genus  has  been  known  by  that 
name,  particularly  among  the  French.  They  refemble  them,  it 
is  true,  very  much  at  a didance ; they  run  as  fad,  or  fader,  than 
any  other  infe<ff  of  their  fize,  and  are  inceflantly  budling  about 
their  affairs. 

The  fecond  order,  or  foldiers,  have  a very  different  appearance 
from  the  labourers,  and  have  been  by  fome  authors  fuppofed  to 
be  the  males,  and  the  former  neuters ; but  they  are,  in  faff,  the 
fame  infe<£ts  as  the  foregoing,  only  they  have  undergone  a change 
of  form,  and  approached  one  degree  nearer  to  the  perfect  date. 
They  are  now  much  larger,  being  half  an  inch  long,  and  equal 
in  bulk  to  fifteen  of  the  labourers.  There  is  now,  likewife,  a 
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moft  remarkable  circumftance  in  the  form  of  the  head  and  mouth ; 
for  in  the  former  hate  the  mouth  is  evidently  calculated  for  gnaw- 
ing and  holding  bodies  ; but  in  this  hate,  the  jaws  being  lhaped 
juft  like  two  very  (harp  awls  a little  jagged,  they  are  incapable  of 
any  thing  but  piercing  or  wounding,  for  which  purpofes  they  are 
very  effe&ual,  being  as  hard  as  a crab’s  claw,  and  piaced  in  a 
ftrong  horney  head,  which  is  of  a nut-brown  colour,  and  larger 
than  all  the  reft  of  the  body  together,  which  feems  to  labour  un- 
der great  difficulty  in  carrying  it : on  which  account,  perhaps, 
the  animal  is  incapable  of  climbing  up  perpendicular  furfaces. 

The  third  order,  or  the  infedt  in  it’s  perfedf  ftate,  varies  it’s  form 
ftill  more  than  ever;  the  head,  thorax,  and  abdomen,  differ 
almoft  entirely  from  the  fame  parts  in  the  labourers  and  loldiers  ; 
and  befides  this,  the  animal  is  now  furnifhed  with  four  fine  large 
brownifh  tranfparent  wings,  with  which  it  is,  at  the  time  of  emi- 
gration, to  wing  it’s  way  in  fearch  of  a new  fettlement : in  fhort, 
it  differs  fo  much  from  it’s  form  and  appearance  in  the  two  other 
ftates,  that  it  has  never  been  fuppofed  to  be  the  fame  animal,  but 
by  thofe  who  have  feen  it  in  the  fame  neft ; and  fome  of  thefe  have 
diftrufted  the  evidence  of  their  fenfes.  It  was  fo  long  before  Mr* 
Smeathman  met  with  them  in  the  nefts,  that  he  doubted  the  in- 
formation which  was  given  him  by  the  natives,  that  they 
belonged  to  the  fame  family  : indeed,  you  may  open  twenty  nefts 
without  finding  one  winged  one  ; for  thofe  are  to  be  found  only 
juft  before  the  commencement  of  the  rainy  feafon,  when  they  un- 
dergo the  laft  change,  which  is  preparative  to  their  colonization. 
Add  to  this,  they  fometimes  abandon  an  outward  part  of  their 
building,  the  community  being  diminilhed  by  fome  accident  that 
is  unknown  ; fometimes  different  fpecies  of  the  real  ant  (formica) 
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podefs  themfelves  by  force  of  a lodgment,  and  fo  are  frequently 
diflodged  from  the  fame  ned,  and  taken  for  the  fame  kind  of 
infers.  This  is  often  the  cafe  with  the  neds  of  the  fmaller  fpe- 
cies,  which  are  frequently  totally  abandoned  by  the  termites,  and 
completely  inhabited  by  different  fpecies  of  ants,  cockroaches,, 
fcolopendrae,  fcorpions,  and  other  vermin  fond  of  obfcure  retreats, 
that  occupy  different  parts  of  their  roomy  buildings. 

In  the  winged  date  they  have  alfo  much  altered  their  fize  as 
well  as  form.  Their  bodies  now  meafure  between  fix  and  feven- 
tenths  of  an  inch  in  length,  and  their  wings  above  two  inches 
and  a half  from  tip  to  tip,  and  they  are  equal  in  bulk  to  about 
thirty  labourers,  or  two  foldiers.  They  are  now  alfo  furnifhed 
with  two  large  eyes  placed  on  each  fide  of  the  head,  and  very 
confpicuous ; if  they  have  any  before,  they  are  not  eafily  to  be 
didingudhed.  Probably,  in  the  two  find  dates,  their  eyes,  if  they 
have  any,  may  be  fmall  like  thofe  of  moles  ; for  as  they  live  like 
thefe  animals  always  under  ground,  they  have  as  little  occafion 
for  thefe  organs,  and  it  is  not  to  be  wondered  at  that  we  do  not 
difcover  them  ; but  the  cafe  is  much  altered  when  they  arrive  at 
the  winged  date,  in  which  they  are  to  roam,  though  but  for  a 
few  hours,  through  the  wide  air,  and  explore  new  and  didant 
regions.  In  this  form  the  animal  comes  abroad  during,  or  foon 
after,  the  fil'd  tornado,  which  at  the  latter  end  of  the  dry  feafon 
proclaims  the  approach  of  the  enfuing  rains,  and  feldom  waits  for 
a fecond  or  third  fhower;  if  the  drd,  as  is  generally  the  cafe, 
happens  in  the  night,  and  brings  much  wet  after  it,  the  quantities 
that  are  to  be  found  the  next  morning  all  over  the  furface  of  the 
earth,  but  particularly  on  the  waters,  is  adonifhing ; for  their 
wings  are  only  calculated  to  carry  them  a few  hours ; and  after 
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the  rifing  of  the  fun,  not  one  in  a thoufand  is  to  be  found  with 
four  wings,  unlefs  the  morning  continues  rainy,  when  here  and 
there  a folitary  being  is  feen  winging  its  way  from  one  place  to 
another,  as  if  folicitous  only  to  avoid  it’s  numerous  enemies,  par- 
ticularly various  fpecies  of  ants,  which  are  hunting  on  every  fpray, 
on  every  leaf,  and  in  every  poftible  place,  for  this  unhappy  race, 
of  which,  probably,  not  a pair  in  many  millions  get  into  a place 
of  fafety,  fulfil  the  firft  law  of  nature,  and  lay  the  foundation  of 
a new  community. 

Not  only  all  kinds  of  ants,  birds,  and  carnivorous  reptiles,  as 
well  as  infefts,  are  upon  the  hunt  for  them,  but  the  inhabitants 
of  many  countries  eat  them. 

They  are  now  become,  from  one  of  the  moft  aftive,  induftrious, 
and  rapacious,  from  one  of  the  moft  fierce  and  implacable  little 
animals  in  the  world,  the  moft  innocent,  helplefs,  and  cowardly  1 
never  making  the  leaft  refiftance  to  the  fmalleft  ant.  The  ants 
are  to  be  feen  on  every  fide  in  infinite  numbers,  of  various  fpecies 
and  fizes,  dragging  thefe  annual  viftims  of  the  laws  of  nature  to 
their  different  nefts.  It  is  wonderful  that  a pair  fhould  ever  efcape 
fo  many  dangers,  and  get  into  a place  of  fecurity.  Some,  how- 
ever, are  fo  fortunate ; and  being  found  by  the  labouring 
infefts  that  are  continually  running  about  the  furface  of  the 
ground  under  their  covered  galleries,  the  little  induftrious  crea- 
tures immediately  inclofe  them  in  a fmall  chamber  of  clay,  fuit- 
able  to  their  fize,  into  which  at  firft  they  leave  but  one  fmall  en- 
trance, large  enough  for  themfelves  and  the  foldiers  to  go  in  and 
out,  but  much  too  little  for  either  of  the  royal  pair  to  make  ufe 
of ; and  when  neceftity  obliges  them  to  make  more  entrances, 

Pp  2 they 


Microscopical  Essays. 


3°8 

they  are  never  larger ; fo  that,  of  courfe,  the  voluntary  fubjefifo 
charge  themfelves  with  the  talk  of  providing  for  the  offspring  of 
their  fovereigns,  as  well  as  to  work  and  to  fight  for  them,  until 
they  fhall  have  raifed  a progeny  capable  at  lead;  of  dividing  the 
talk  with  them. 

The  bufmefs  of  propagation,  however,  foon  commences  ; and 
the  labourers  having  condrufited  a fmall  wooden  nurfery,  as  be- 
fore defcribed,  carry  the  eggs  and  lodge  them  there  as  fad  as 
they  can  obtain  them  from  the  queen. 

About  this  time  a mod  extraordinary  change  begins  to  take ' 
place  in  the  queen,  to  which  we  know  nothing  fimilar,  except  in 
the  PULEX  PENETRANS  of  LlNN/EUS,  the  JIGGER  of  the 
Wed-Indies,  and  in  the  different  fpecies  of  coccus  cochineal. 
The  abdomen  of  this  female  begins  gradually  to  extend  and  en- 
large to  fuch  an  enormous  fize,  that  an  old  queen  will  have  it 
increafed  fo  as  to  be  fifteen  hundred  or  two  thoufand  times  the 
bulk  of  the  red  of  her  body,  and  twenty  or  thirty  thoufand  times 
the  bulk  of  a labourer  ; the  fkin  between  the  fegments  of  the  ab- 
domen extends  in  every  dire&ion,  and  at  lad  the  fegments  are 
removed  to  half  an  inch  didance  from  each  other,  though  at  fird 
the  length  of  the  whole  abdomen  is  not  above  half  an  inch.  They 
preferve  their  dark-brown  colour,  and  the  upper  part  of  the  ab- 
domen is  marked  with  a regular  feries  of  brown  bars,  from  the 
thorax  to  the  poderior  part  of  the  abdomen,  while  the  intervals 
between  them  are  covered  with  a thin,  delicate,  tranfparent  fkin, 
'and  appear  of  a fine  cream  colour,  a little  (haded  by  the  dark 
colour  of  the  intedines  and  watery  fluid  feen  here  and  there  be- 
neath. It  is  fuppofed  that  the  animal  is  upwards  of  two  years 
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old  when  the  abdomen  is  increafed  to  three  inches  in  length : 
they  have  fometimes  been  found  of  near  twice  that  fize.  The 
abdomen  is  now  of  an  irregular  oblong  drape,  being  contra6led 
by  the  mufcles  of  every  fegment,  and  is  become  one  vaft  matrix 
full  of  eggs,  which  make  long  circumvolutions  through  an  innu- 
merable quantity  of  very  minute  veffels,  that  circulate  round  the 
inlide  in  a ferpentine  manner,  which  would  exercife  the  inge- 
nuity of  a fkilful  anatomift  to  diffeff  and  develope.  This  lingular 
matrix  is  not  more  remarkable  for  it’s  amazing  extenfion  and  fize, 
than  for  it’s  peridaltic  motion,  which  refembles  the  undulating  of 
waves,  and  continues  incedantly  without  any  apparent  effort  of 
the  animal ; fo  that  one  part  or  other  alternately  is  rifing  and 
finking  in  perpetual  fuccefiion,  and  the  matrix  feems  never  at 
red,  but  is  always  protruding  eggs  to  the  amount,  as  have  been 
frequently  counted  in  old  queens,  of  fixty  in  a minute,  or  eighty 
thouland  and  upwards  in  one  day  of  twenty-four  hours. 

Thefe  eggs  are  indantly  taken  from  her  body  by  her  attendants, 
(of  whom  there  always  are,  in  the  royal  chamber  and  galleries 
adjacent,  a fufRcient  number  in  waiting)  and  carried  to  the- 
nurJ cries,  which  in  a great  neft  may  fome  of  them  be  four  or  five 
feet  didant  in  a ltrait  line,  and  confequently  much  farther  by 
their  winding  galleries.  Here,  after  they  are  hatched,  the  young 
are  attended  and  provided  with  every  thing  necedary,  until  they 
are  able  to  diift  for  themfelves,  and  take  their  (hare  of  the  labours 
of  the  community.  The  foregoing  is  an  accurate  defcription  and 
account  of  the  termes  bellicofus,  or  fpecies  that  builds  the,  large 
neds,  in  it’s  different  dates. 


Thole 


3to 


Microscopical  Essays. 


Thofe  which  build  either  the  roofed  turrets,  or  the  neds  in  the 
trees,  feem,  in  moft  indances,  to  have  a ftrong  refemblance  to 
them,  both  in  their  form  and  ceconomy,  going  through  the  fame 
changes  from  the  egg  to  the  winged  date.  The  queens  alfo  in- 
creafe  to  a great  fize  when  compared  with  the  labourers,  but 
very  fhort  of  thofe  queens  before  defcribed.  The  larged  are 
from  about  an  inch  to  an  inch  and  a half  long,  and  not  much 
thicker  than  a common  quill.  There  is  the  fame  kind  of  perif- 
taltic  motion  in  the  abdomen,  but  in  a much  fmaller  degree  ; 
and  as  the  animal  is  incapable  of  moving  from  her  place,  the 
eggs,  no  doubt,  are  carried  to  the  different  cells  by  the  labourers, 
and  reared  with  a care  fimilar  to  that  which  is  pxa&ifed  in  the 
larger  neds. 

It  is  remarkable  of  all  thefe  different  fpecies,  that  the  working 
and  the  fighting  infers  never  expofe  themfelves  to  the  open  air, 
but  either  travel  under  ground,  or  within  fuch  trees  and  fub- 
dances  as  they  dedroy  ; except,  indeed,  when  they  cannot  pro- 
ceed by  their  latent  paffages,  and  find  it  convenient  or  neceffary 
to  fearch  for  plunder  above  ground : in  that  cafe  they  make  pipes 
of  that  material  with  which  they  build  their  neds.  The  larger 
fort  ufe  the  red  clay  ; the  turret  builders  ufe  the  black  clay ; and 
thofe  which  build  in  the  trees  employ  the  fame  ligneous  fubdance 
of  which  their  neds  are  compofed. 

The  termites,  except  their  heads,  are  exceedingly  foft,  and 
covered  with  a very  thin  and  delicate  fkin  ; being  blind,  they  are 
no  match  on  open  ground  for  the  ants,  who  can  fee,  and  are  all 
of  them  covered  with  a drong  horny  fhell  not  eafily  pierced,  and 
are  of  difpofitions  bold,  a<dive,  and  rapacious. 
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Whenever  the  termites  are  diflodged  from  their  covered  ways, 
the  various  fpecies  of  the  former,  who  probably  are  as  numerous 
above  ground  as  the  latter  are  in  their  fubterraneous  paffages,  in- 
ftantly  feize  and  drag  them  away  to  their  neffs,  to  feed  the  young 
brood.  The  termites  are,  therefore,  exceedingly  folicitous  about 
the  preferving  their  covered  ways  in  good  repair ; and  if  you  de- 
molilh  one  of  them  for  a few  inches  in  length,  it  is  wonderful  how 
loon  they  rebuild  it.  Atfirft,  in  their  hurry,  they  get  into  the 
open  part  an  inch  or  two,  but  flop  fo  fuddenly,  that  it  is  very 
apparent  they  are  furprized  : for  though  fome  run  ftraifc  on; 
and  get  under  the  arch  as  fpeedily  as  poflible  in  the  further  part, 
moft  of  them  run  as  fad  back,  and  very  few  will  venture  through 
that  part  of  the  track  which  is  left  uncovered.  In  a few  minutes 
you  will  perceive  them  re-building  the  arch,  and  by  the  next 
morning  they  will  have  reftored  them  gallery  for  three  or  four 
yards  in  length,  if  fo  much  has  been  ruined  ; and  upon  opening 
it  again,  will  be  found,  as  numerous  as  ever  under  it,  palfingboth 
ways.  If  you  continue  to  deftroy  it  feveral  times,,  they  will  at 
length  feem  to  give  up  the  point,  and  build  another  in  a differ- 
ent direction  ; but  if  the  old  one  led  to  fome  favourite  plunder, 
in  a few  days  will  rebuild  it  again;  and,  unlefs  you  deffroy  their 
neft,  never  totally  abandon  their  gallery.  They  do  confiderable 
damage  to  houfes,  &c.  They  make  their  approaches  chiefly 
under  ground,  defcending  below  the  foundations  of  houfes  and 
ffores  at  feveral  feet  from  the  furface,  and  riling  again  either  in 
the  floors,  or  entering  at  the  bottom  of  the  polls,  of  which  the 
fides  of  the  buildings  are  compofed,  bore  quite  through  them, 
following  the  courfe  of  the  fibres  to  the  top,  or  making  lateral 
perforations  an^  cavities. here  and  there  as  they  proceed. 
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While  fome  are  employed  in  gutting  the  polls,  others  afcend 
from  them,  entering  a rafter,  or  fome  other  part  of  the  roof.  If 
they  once  find  the  thatch,  which  feems  to  be  a favourite  food, 
they  fcon  bring  up  wet  clay,  and  build  their  pipes,  or  galleries, 
through  the  roof  in  various  direflions,  as  long  as  it  will  fupport 
them  ; fometimes  eating  the  palm-tree  leaves  and  branches  of 
which  it  is  compofed,  and  perhaps  (for  variety  feems  very  pleafing 
to  them)  the  rattan,  or  other  running  plant,  which  is  ufed  as  a 
cord  to  tie  the  various  paints  of  the  roof  together,  and  that  to  the 
pods  which  fupport  it.  Thus,  with  the  abidance  of  the  rats, 
who,  during  the  rainy  feafon,  are  apt  to  fhelter  themfelves  there, 
and  to  burrow  through  it,  they  very  foon  ruin  the  houfe,  by 
weakening  the  fadenings  and  expodng  it  to  the  wet.  In  the 
mean  time,  the  pods  will  be  perforated  in  every  direffion,  as 
full  of  holes  as  that  timber  in  the  bottoms  of  fhips,  which  has 
been  bored  by  the  worms ; the  dbrous  and  knotty  parts,  which 
are  the  harded,  being  left  to  the  lad. 

Thefe  infedls  are  not  lefs  expeditious  in  dedroying  the  flielves, 
wainfcotting,  and  other  fixtures  of  an  houfe,  than  the  houfe 
itfelf.  They  are  continually  piercing  and  boring  in  all  dire61ions, 
and  fometimes  go  out  of  the  broadfide  of  cne  pod  into  that  of 
another  adjoining  to  it;  but  they  prefer  and  always  dedroy  the 
fofter  fubdances  the  fil'd,  and  are  particularly  fond  of  pine  and 
fir-boards,  which  they  excavate  and  carry  away  with  wonderful 
difpatch  and  adonifhing  cunning : for,  except  a fhelf  has  fome- 
thing  banding  upon  it,  as  a book,  or  any  thing  elfe  which  may 
tempt  them,  they  will  not  perforate  the  furface,  but  artfully  pre- 
ferve  it  quite  whole,  and  eat  away  all  the  infide,  except  a few 
fibres,  which  barely  keep  the  two  Tides  connected  together ; fo 
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that  a piece  of  an  inch-board,  which  appears  folid  to  the  eye, 
will  not  weigh  much  more  than  two  fheets  of  pafteboard  of  equal 
dimenfions,  after  thefe  animals  have  been  a little  while  in  pof- 
felfion  of  it.  In  fhort,  the  termites  are  fo  infidious  in  their  attacks, 
that  we  cannot  be  too  much  on  our  guard  againft  them  : they 
will  fometimes  begin  and  raife  their  works,  efpecially  in  new 
houfes,  through  the  floor.  If  you  deftroy  the  w7ork  fo  begun, 
and  make  a fire  upon  the  fpot,  the  next  night  they  will  attempt 
to  rife  through  another  part ; and  if  they  happen  to  emerge  un- 
der a cheft,  or  trunk,  early  in  the  night  will  pierce  the  bottom, 
and  deftroy  or  fpoil  every  thing  in  it  before  the  morning.  On 
thefe  accounts  the  inhabitants  fet  all  their  chelts  and  boxes 
upon  (tones  or  bricks,  fo  as  to  leave  the  bottoms  of  fuch  furni- 
ture fome  inches  above  the  ground,  which  not  only  prevents 
thefe  infefts  finding  them  out  fo  readily,  but  preferves  the  bot- 
toms from  a corrofive  damp,  which  would  flrike  from  the  earth 
through,  and  rot  every  thing  therein:  a vaft  deal  of  vermin 
alfo  would  harbour  under,  fuch  as  cockroaches,  centipedes,  mil- 
lepedes, fcorpions,  ants,  and  various  other  noifome  infefts. 

Though  the  view  we  have  given  of  the  various  proceedings  of 
infedts  in  forming  their  habitations,  has  already  run  to  fome 
length,  wTe  cannot  with  propriety  negleff  taking  fome  further  no- 
tice of  the  wonderful  induftry  and  art  which  is  manifefled  in  thefe 
refpeffs  by  the  caterpillar;  and  more  particularly  fo,  as  it  is  by 
it  wre  obtained  the  foundations  of  all  our  prefent  knowledge  of 
the  natural  hiftory  of  infers. 

Some  fpecies  of  caterpillars  form  a kind  of  hammock,  in  which 
they  eat  and  go  through  their  varied  changes ; while  others  erecl 
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a tent,  under  which  they  live,  until  they  have  confumed  the  fur- 
rounding herbs.  They  then  leave  their  abodes,  and  pitch  their 
tents  in  a more  fruitful  fpct. 

Many  affociate  together  all- their  lives,  others  only  for  a certain 
period.  Thofe  who  live  together  proceed  from  the  fame  moth 
who  depofited  the  eggs  near  each  other,  or  rather  laid  them  in  a 
heap,  forming  as  it  were  a kind  of  neft.  Thefe  are  generally 
hatched  in  the  fame  day,  and  live  together,  conflituting  a new 
fpecies  of  republic,  in  which  all  are  brethren.  They  often  amount 
to  near  fix  hundred  in  a family,  though  they  are  frequently  to  be 
found  with  only  about  two  hundred.  Of  thefe  focial  caterpillars 
there  are  fome  fpecies  which  never  quit  the  fociety  while  they  are 
in  a larva  flate,  even  placing  the  chryfalis  clofe  together.  There 
are  other  kinds  who  affociate  only  for  a fhort  period. 

Among  the  vaft  variety  of  infe£ls  which  inhabit  the  oak,  there 
is  a fpecies  of  caterpillar  which  live  feparate  till  they  arrive  at  a 
certain  age  : they  then  affemble  together,  and  do  not  quit  each 
other  till  they  attain  their  perfefil  flate.  As  the  number  which 
are  thus  aflembled  is  confiderable,  the  nefl  is  alfo  very  large. 
They  remain  in-doors  during  the  day,  not  leaving  their  habita- 
tion till  fun-fet.  When  they  go  out,  one  of  the  body  precedes  the 
reft  as  a chief,  whom  they  regularly  follow:  when  the  leader 
flops,  the  reft  do  the  fame,  and  wait  till  it  goes  on  again,  before 
they  recommence  their  march.  The  firft  file  generally  confifts  of 
a fingle  caterpillar,  which  are  fucceeded  by  a double  file,  thefe 
by  three  in  a row,  which  are  then  followed  by  files  of  five,  and  fo 
on.  They  keep  exceeding  clofe  to  each  other,  not  leaving  any 
interval  either  between  the  ranks,  or  thofe  in  each  rank : all  of 
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them  following  their  captain  in  every  dire£lion,  whether  ftrait 
or  crooked.  After  they  have  taken  their  repaft,  which  is  done 
on  the  march,  they  return  to  their  neft  in  the  fame  order  in 
which  they  fet  out. 

This  mode  is  followed  till  they  are  full  grown,  when  each 
forms  a cone,  in  which  it  is  changed  into  a chryfalis.  Mr.  Bon- 
net has  fhewn,  that  though  thefe  caterpillars  proceed  often  very 
far  from  their  nelf,  it  is  by  no  means  difficult  for  them  to  get  back 
again,  becaufe  they  fpin  over  all  the  places  in  their  rout.  The 
firft  leads  the  way,  the  fecond  follows  fpinning,  the  third  fpins 
after  the  firft  and  fecond,  and  fo  on  with  the  reft.  All  thefe 
threads  form  by  degrees  a fmall  finning  track,  a little  path ; and 
all  thefe  paths  meet  at  the  neft.  To  be  fully  convinced  of  the 
ufe  of  thefe  threads,  let  any  one  but  break  the  continuation  of 
them  in  fome  place  or  other,  and  he  ffiall  fee  the  little  caterpil- 
lars turn  back,  as  if  they  were  at  a lofs,  till  one  more  daring  than 
the  reft  reftores  the  communication  by  fpinning  new  threads. 

The  reader  who  is  defirous  of  a fuller  information  concerning 
the  habits  of  thefe,  as  well  as  many  other  infefls,  mull  be  referred 
to  the  laborious  and  interefting  memoirs  of  M.  de  Reaumur. 
Happy  if  he  fhould,  like  M.  de  Geer,  be  induced  thereby  to 
follow  the  fteps  of  fo  great  a mafter ; he  will  derive  from  thence 
a continual  fource  of  new  pleafures  and  increafing  delights ; and 
the  more  he  extends  the  boundaries  of  his  obfervations,  the  more 
he  will  be  convinced  that  infinity  is,  as  it  were,  impreffed 
on  all  the  works  of  the  Creator. 
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Different  fpecies  of  caterpillars  are  often  to  be  found  in  great 
numbers  on  the  fame  tree  or  plant ; but  then  as  they  feem  tp 
have  no  connexion  with  each  other,  and  the  a&ions  of  the  one 
have  no  influence  on  the  other,  they  may  be  conhdered  as 
folitary ; but  there  are  others  who  feem  ftiil  more  independent  of 
each  other,  and  greater  friends  to  folitude,  conJtiruffing  a lodg- 
ing, formed  of  leaves  tied  together  with  confiderable  ingenuity, 
in  which  they  live  as  in  a hermitage.  The  operation  by  which 
thefe  tie  the  leaves  together,  is  far  furpaffed  by  another  kind, 
who  fold  and  bend  one  part  of  the  leaf  till  it  meets  the  other. 
Thefe  are  again  exceeded  by  thofe  who  roll  the  leaves  which  they 
inhabit.  For  this  purpofe,  the  caterpillar  chafes  a part  of  a leaf 
which  it  finds  in  fome  degree  bent : here  it  eftablifhes  it’s  abode, 
and  begins  it’s  work,  moving  the  head  with  great  velocity,  in 
a curved  line,  or  rather  vibrating  it  like  a pendulum,  the  mid- 
dle of  the  body  being  the  center  on  which  it  moves.  At  each 
motion  of  the  head  a thread  is  fpun,  and  fixed  to  that  part  to 
which  the  head  feems  to  be  applied.  The  threads  are  extended 
from  the  bent  to  the  flat  part  of  the  leaf,  being  always  adjulled, 
both  in  length  and  ftrength,  to  the  nature  of  the  leaf,  and  the 
curvature  which  is  to  be  given  to  it. 

M.  de  Geer  attending  to  the  operations  of  a fpecies  of  this 
kind  of  caterpillar,  obferved,  that  at  each  new  thread  it  fpun,  the 
edges  of  the  leaf  infenfibly  approached  to  each  other,  and  were 
bent  more  and  more,  in  proportion  as  the  caterpillar  fpun  new 
threads ; when  the  laft  thread  that  was  fpun  was  tight,  that  which 
preceded  it  was  loofe  and  floating  in  the  air.  To  effeft  this,  the 
caterpillar,  after  it  has  fixed  a thread  to  the  two  edges  of  the  leaf, 
(and  before  it  fpins  another)  draws  it  towards  itfelf  by  the  hooks 
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of  its  feet,  and  by  this  means  bends  the  leaf ; it  then  fpins  another 
thread,  to  maintain  the  leaf  in  this  pofition,  which  it  again  pulls 
towards  icfelf,  and  repeats  the  operation,  till  it  has  bent  the  leaf 
in  it's  whole  diredlion.  It  now  begins  again,  placing  the  threads 
further  back  upon  the  bent  part  of  the  leaf,  and  by  proceeding  in 
this  manner,  it  is  rolled  up ; when  it  has  finifhed  this  bufinefs,  it 
ttrengthens  the  work,  by  fattening  the  ends  of  the  leaf  together. 
The  habitation  thus  formed  is  a kind  of  hollow  cylinder,  open  to 
the  light  at  both  ends,  the  ttdes  of  it  affording  the  infedt  food  and 
protedlion,  for  within  it  the  creature  feeds  in  fafety.  In  the  lame 
cafe  they  are  alfo  transformed  : at  the  approach  of  the  change  the 
caterpillar  lines  the  rolled  leaf  with  ttlk,  that  the  rough  parts  of  it 
may  not  injure  the  chryfalis. 

A great  number  of  the  fmaller  larva  require  an  artificial 
covering,  to  proteft  them  from  the  open.  air.  Among  thefe, 
fome  inhabit  the  interior  parts  of  leaves,  making  their  way 
between  the  fuperior  and  inferior  membranes,  living  upon  the 
parenchymous  parts  of  the  leaf:  and  as  they  are  exceeding  fmall, 
a leaf  affords  them  a fpacious  habitation.  If  the  diftance  between 
the  membranes  is  not  large  enough  for  them,  they  enlarge  the 
fpace  by  forming  different  folds  in  one  of  them,  in  which  they 
can  move  with  eafe  : from  thefe  circumftances  they  have  been 
named  by  Mr.  Reaumur  miners  of  leaves.  This  illu-ttrious  author 
has  described  thefe  larva,  the  flies  into  which  they  are  c’  ayged, 
and  all  the  various  methods  made  ufe  of  by  them  in  performing 
this  work.  Some  mine  a large  oval  or  circular  fpace ; others 
form  a kind  of  gallery,  which  are  fometimes  ftrait,  fomeumes 
crooked.  They  only  leave  a thin  membrane  on  the  upper  fide 
of  the  leaf ; but  they  leave  the  under  fide  more  fubttantial.  One 
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fpecies  of  moth  which  proceeds  from  thefe  larva  is  very  final], 
but  exceedingly  beautiful. 

The  larva  of  the  phryganea  moftly  live  in  little  cafes  of  their 
own  building,  which  are  formed  of  a variety  of  materials,  that 
they  train  after  them  in  the  water  wherever  they  go.  Thefe  cafes 
are  generally  cylindrical,  and  open  at  both  ends ; the  infide  is 
lined  with  filk  fpunby  the  larva,  the  outfide  formed  of  different 
fubffances,  as  bits  of  reed,  done,  gravel,  and  fome  entirely  of 
fmall  {hells,  &c.  which  they  arrange  and  manage  with  lingular 
dexterity.  They  never  quit  this  cafe.  When  they  walk  they  put 
out  the  head,  and  a few  of  the  firft  rings  of  the  body,  training  the 
cafe  after  them. 

Having  lived  in  the  water  for  fome  time,  they  become  inhabi- 
tants of  the  air.  They  affume  the  pupa  form  in  the  water,  clofing 
up  the  two  ends  of  the  cafe  with  bars  of  filk,  by  which  it  is 
fecured  from  the  attacks  of  it’s  enemies  ; and  at  the  fame  time 
there  is  a free  palfage  for  the  water,  which  is  Hill  neceflary  for  it’s 
exiftence  ; at  a proper  period  the  pupa  forces  it’s  way  through  the 
cafe,  and  makes  for  the  land,  where  it’s  further  change  inllantly 
commences,  and  is  foon  completed. 

We  fhall  clofe  thefe  fpecimens  of  the  induftry  of  infefis  with  an 
account  of  that  which  is  difplayed  by  the  larva  of  the  tinea.  The 
greateft  pait  of  the  bc.dy  of  thefe  little  creatures,  except  the  head 
and  fix  fore  feet,  is  covered  over  with  a thin  tender  Ikin ; the 
body  of  the  infeft  is  cylindrical,  and  lodged  in  a tube  which  is 
open  at  both  ends.  Soon  after  they  are  born  they  begin  to  cover 
themfelves,  and  are,  therefore,  fel dom  to  be  found  but  in  thefe 
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tubes  or  cafes.  They  are,  in  general,  fo  fmalj,  that  it  is  not  eafy 
to  diftinguifh  the  cafes  without  a magnifier;  but  as  the  body 
lengthens,  the  cafe  becomes  too  fiiort ; it  is,  therefore,  part  of  it’s 
daily  employ  to  lengthen  the  cafe.  For  this  purpofe,  it  extends 
the  head  beyond  the  tube,  and  having  found  the  materials  which 
anfwer  it’s  purpofe,  it  tears  it  off,  and  brings  it  to  the  end  of  the 
tube,  and  fixes  it  there,  repeating  this  manoeuvre  till  it  has  fuffi- 
ciently  lengthened  it ; after  it  has  finifhed  one  end,  it  turns  itfelf 
round  within  the  cafe,  and  performs  the  fame  operation  at  the 
other. 

This  does  not  terminate  their  labours,  for  the  tube  mud  alfo  be 
increafed  in  diameter,  as  it  foon  becomes  too  fmall  for  the  body ; 
the  means  they  make  ufe  of  to  enlarge  it,  is  precifely  the  fame  as 
we  ourfelves  fhould  adopt  under  fimilar  circumftances.  The  in- 
fe6t  flits  the  tube  at  the  two  oppofite  fides,  at  the  fame  end,  and 
inferts  in  the  flit  two  pieces  of  the  required  fize  ; it  then  performs 
the  fame  at  the  other  end.  By  this  means  they  foon  enlarge  it 
fufficiently,  without  expofing  themfelves  to  the  air  during  the 
operation.  The  outfide  of  thefe  cafes  is  made  of  filk,  hair,  See . 
The  infide  is  of  filk  only.  Their  covering  always  partakes  of  the 
colour  of  the  cloth,  or  tree,  See.  from  whence  it  was  taken.  If 
it  paffes  over  a red  piece,  the  colour  will  be  red.  W hen  they 
are  come  to  their  perfeft  growth,  they  abandon  the  cloth,  and 
feek  for  a proper  place  wherein  they  may  pafs  from  their  prefent 
to  a more  perfect  fiate. 

I cannot  conclude  this  long  chapter  better  than  in  the  words  of 
Mr.  Stillingfleet.  “ Many  are  apt  to  treat  with  contempt  any 
man  whom  they  fee  employed  in  poring  over  a mofs,  or  examin- 
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ing  an  infeCl,  from  day  to  day,  thinking  that  he  fpends  his  time 
and  his  life  in  unimportant  and  barren  fpeculations ; yet  were  the 
v/hole  fcene  of  nature  laid  open  to  our  views,  were  we  admitted 
to  behold  the  connections  and  dependencies  of  every  thing  on 
every  other,  and  to  trace  the  ceconomy  of  nature  through  the 
fmaller  as  well  as  greater  parts  of  this  globe,  we  might,  perhaps, 
be  obliged  to  own  we  were  midaken  ; that  the  fupreme  architect 
had  contrived  his  works  in  fuck  a manner,  that  we  cannot  pro- 
perly be  faid  to  be  unconcerned  in  any  one  of  them  ; and  there- 
fore, that  dudies,  which  feem  upon  a flight  view  to  be  quite 
ufelefs,  may  in  the  end  appear  to  be  of  no  fmall  importance  to 
mankind.  Nay,  were  we  only  to  look  back  into  the  hidory  of 
arts  and  fciences,  we  mud  be  convinced  that  we  are  apt  to  judge 
over  hadily  of  things  of  this  nature.  We  fhould  there  find  many 
proofs  that  he  who  gave  this  indinCtive  curiofity  to  fome  of  his 
creatures,  gave  it  for  good  and  great  purpofes,  and  that  he  re- 
wards wTith  ufeful  difcoveries  all  thefe  minute  refearches. 

<c  It  is  true  this  does  not  always  happen  to  the  fearcher,  or  his 
contemporaries,  nor  even  fometimes  to  the  immediate  fucceeding 
generation ; but  I am  apt  to  think,  that  advantages  of  one  kind 
or  other  always  accrue  to  mankind  from  firch  purfuits  ; fome  men 
are  born  to  obferve  and  record  what  perhaps  by  itfelf  is  perfeftly 
ufelefs,  but  yet  of  great  importance  to  another  who  follows  and 
goes  a Hep  farther,  dill  as  ufelefs  ; Jo  him  another  fucceeds,  and 
thus  by  degrees,  till  at  lad  one  of  a fuperior  genius  comes,  w ho 
laying  all  that  has  been  done  before  this  time  together,  brings  on 
a new  face  of  things,  improves,  adorns,  exalts  human  fociety. 


“ All 


Microscopical  Essays.  321 

«•  All  thofe  fpeculations  concerning  lines  and  numbers,  fo 
ardently  purfued,  and  fo  exquifitely  conduced  by  the  Grecians* 
what  did  they  aim  at  ? or  what  did  they  produce  for  ages  ? a 
little  arithmetic,  and  the  firft  elements  of  geometry,  were  all  they 
had  need  of.  This  Plato  aliens ; and  though,  as  being  himfelf  an 
able  mathematician,  and  remarkably  fond  of  thefe  fciences,  he 
recommends  the  ftudy  of  them  ; yet  he  makes  ufe  of  motives 
that  have  no  relation  to  the  common  purpofes  of  life. 

<c  When  Kepler,  from  a blind  and  Prong  impulfe,  merely  to 
find  analogies  in  nature,  difcovered  that  famous  one  between 
the  diftance  of  the  feveral  planets  from  the  fun,  and  the  periods 
in  which  they  complete  their  revolutions^  of  what  importance 
was  it  to  him  or  the  world  ? 

<£  Again ; when  Galileo,  pufhed  on  by  the  fame  irrefiftible 
curiofity,  found  out  the  law  by  which  bodies  fall  to  the  earth, 
did  he,  or  could  he,  forefee  that  any  good  would  come  from  his 
ingenious  theorems  ? or  was  any  immediate  ufe  made  of  them  ? 

<c  Yet  had  not  the  Greeks  pufhed  their  abftraft  fpeculations  fo 
far,  had  not  Kepler  and  Galileo  made  the  above-mentioned  dif- 
coveries,  we  never  could  have  feen  the  greateft  work  that  ever 
came  from  the  hands  of  man.  Sir  Ifaac  Newtons  Pnncipia. 

« Some  obfcure  perfon,  whofe  name  is  not  fo  much  as  known, 
diverting  himfelf  idly,  as  a ftander-by  would  have  thought,  with 
trying  experiments  on  a feemingly  contemptible  piece  of  Pone, 
found  out  a guide  for  mariners  on  the  ocean,  and  fuch  a guide  as 
no  fcience,  however  fubtil  and  fublime  it’s  fpeculations  may  be, 
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however  wonderful  it’s  conclufions,  would  ever  have  arrived  at. 
It  was  mere  curiofity  that  put  Sir  Thomas  Millington  upon  ex- 
amining the  minute  parts  of  flowers ; but  his  difeoveries  have 
produced  the  moft  perfect  and  molt  ufeful  fyftem  of  botany  that 
the  world  has  yet  feen. 

“ Other  inftances  might  be  produced  to  prove,  that  bare  curiofity 
in  one  age  is  the  fource  of  the  greateft  utility  in  another ; and 
what  has  frequently  been  faid  of  chymifls,  may  be  applied  to 
every  other  kind  of  vertuofi.  They  hunt,  perhaps,  after 
chimeras  and  impofhbilities ; they  find  fomething  really  valuable 
by  the  bye*  We  are  but  inftruments  under  the  Supreme  Direftor, 
and  do  not  fo  much  as  know,  in  many  cafes,  what  is  of  moft 
importance  for  us  to  fearch  after ; but  we  may  be  fure  of  one 
thing,  viz.  that  if  we  ftudy  and  follow  nature,  whatever  paths  we 
are  led  into,  we  fhall  at  laft  arrive  at  fomething  valuable  to  our- 
felves  and  others,  but  of  what  kind  we  mu  ft  be  content  to* 
remain  ignorant.” 
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Giving  some  Account  of  the  Anatomical  Structure 

OF  THE  CoSSUS,  OR  CATERPILLAR,  WHICH  IS  FOUND  Ilf 

the  Trunk  of  the  Willow;  and  several  other 

MISCELLANEOUS  OBJECTS. 

OF  all  the  modifications  of  which  matter  is  fufceptible,  the 
moft  noble  is  undoubtedly  the  organization  thereof.  In 
the  ftruCture  of  animals,  the  Sovereign  Wifdom  is  exhibited  to 
us  in  the  moft  ftriking  manner.  The  body  of  an  animal  is  a little 
particular  fyftem,  more  or  lefs  complicated,  and  which,  like  the 
fyftem  of  the  univerfe  at  large,  is  the  refult  of  the  combination 
and  connection  of  a multitude  of  different  pieces,  which  all  con- 
fpire  to  produce  one  general  effect,  tfte  manifeftation  of  the  prin- 
ciple which  we  term  life.  So  wonderful  are  thefe  combinations, 
that  we  are  incapable  of  comprehending,  or  even  of  admiring 
fufficiently,  the  aftonifhing  apparatus  of  fprings,  levers,  counter- 
weights, of  tubes  of  different  diameters,  See.  which  constitute  thefe 
organical  machines.  The  interior  parts  of  the  infefit,  the  moft 
vile  in  appearance,  would  abforb  all  the  powers  of  the  moft  able 
anatomift.  He  would  be  loft  in  the  labyrinth  as  foon  as  he  at- 
tempted to  explore  all  it’s  windings.  A truth  that  will  be  evident 
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to  every  one  who  confiders  only  the  frnall  portion  of  theanatomy- 
of  the  caterpillar  here  exhibited,  which  is  extradted  from  the  won- 
derful work  of  Mr.  Lyonet,  entitled  “ Traite  Anatomique  de  la 
Chenille  qui  ronge  le  Bois  de  Saule,”  to  which  the  reauer  mult  be 
referred  for  a more  ample  account  of  the  ftrudlure  of  this  animal ; 
enough  will  be  given  here  to  convince  every  one  of  the  power 
and  ufe  of  microfcopic  glalfes  in  the  difplay  of  the  wonders  of 
creation ; enough  will  be  introduced  to  prove  to  the  reader  that 
it  is  not  matters  of  magnitude  which  only  engage  the  attention  or 
art  of  the  Almighty,  “ he  delights  to  be  elaborate  on  the  minute- 
neffes  and  minims  of  nature  ; to  open  his  immenfity,  as  it  were, 
within  a fpeck ; to  lavilh  his  (kill  and  ornaments  on  infedts  and 
butterflies  ; and  to  inform  ants  and  bees  with  better  fagacity  and 
fcience  than  the  molt  laboured  fyftems  of  human  policy  can 
exhibit.  For  the  littleneffes  of  our  God  are  great  beyond  com- 
eeption,  and  while  the  univerfe  cannot  contain  him,  his  wifdom 
and  might,  his  goodnefs  and  glory,  and  the  fulnefs  of  his  infinity, 
are  entire,  and  difplayed  through  every  point  of  infinite  fpace.”* 

Our  theme  no  great  (of  one  exclufive)  knows; 

No  little  when  from  one,  that  one  it  flows. 
******** 

Where  one,  and  only  one,  is  truly  great  ! 

All  equidiftant,  or  alike  all  near. 

The  reptile  minim,  or  the  rolling  fphere ; 

Alike  minutelv  great,  or  greatly  lefs. 

Inform  finite,  infinitude  exprefs; 

Exprefs  the  feal  of  character  divine. 

And  bright,  thro’  his  informing  radiance  shine. 

We 

* 
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We  (hall  firll  give  a general  defcription  of  the  animal  itfelf,  and 
then  proceed  to  explain  thofe  anatomical  parts  of  it  which  are 
reprefented  at  Fig.  1,  2,  3,  4,  5,  6,  7,  of  Plate  XII.  This 
infefcl,  like  every  other  caterpillar,  proceeds  from  an  egg,  which 
the  parent  moth  takes  care  to  depofit  in  general  again!!  the  trunk 
of  the  willow  ; to  this  it  is  attached  by  a vifcous  humor,  which 
foon  becomes  fo  hard  that  the  rain  cannot  diffolve  it. 

The  egg  is  very  fmall,  of  an  oblong  fpheroidal  Ihape ; when 
examined  by  the  microfcope,  we  find  broad  waving  furrows  run- 
ning through  the  whole  length  of  it,  which  are  again  croffed  by 
dole  ftreaks,  giving  it  the  appearance  of  a wicker  balket.  It  is 
probable  that  they  are  hatched Tome  time  in.Augufl,  becaufe  the 
fmall  caterpillars  are  often  to  be  found  in  September.  When 
fmall,  they  are  generally  to  be  met  with  under  the  bark  of  the 
tree  to  which  the  eggs  were  fixed ; a humid  oozing  from  the  hole 
they  have  made  to  get  under,  the  bark,  is  often  a dire&ion  where 
to  fearch  for  them  ; though  it  is  not  always  a certain  fign,  becaufe 
the  fame  effefl  is  often  occafioned  by  other  infecis. 

Thefe  caterpillars  change  very  little  in  their  colour,  being 
nearly  the  fame  when  they  are  full  grown  as  when  they  are  very 
young.  Like  many  others  they  are  capable  of  fpinning  as  foon 
as  they  are  born.  They  change  alfo  feveral  times  their  fkin, 
but  as  it  is  almoit  impofiible  to  raife  them  under  a glafs,  it  is 
not  eafy  to  determine  how  many  times  they  moult  or  put  off 
their  (kin  ; if  we  are  to  judge  of  the  number  of  times  by  the  dif- 
ference in  fize  between  the  new  born  and  full  grown  caterpillar ; 
and  if  we  compare  thefe  with  the  increafe  of  the  head,  every 
time  it  moults ; we  may  reafonably  conclude,  that  it  changess 
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oftener  than  the  generality  of  caterpillars,  that  is,  more  than 
four,  five,  or  fix  times,  for  fome  have  been  obferved.  to  moult 
above  nine  times. 

We  have  already  taken  notice  of  thefe  changes  in  the  lad 
chapter.  The  caterpillar  generally  falls  for  fome  days  previous 
to  the  moulting,  the  flelhy  and  other  interior  parts  of  the  head 
are  then  detached  from  the  old  (kull,  and  retire  as  it  were  within 
the  neck  ; it  is  foon  however  cloathed  with  pieces  fimilar  to  thofe 
it  has  abandoned,  only  larger  and  at  firft  very  foft.  When  the 
new  lkin  and  the  other  parts  are  formed,  the  old  fkin  is  to  be 
opened,  and  all  the  members  withdrawn  from  it,  an  operation 
naturally  difficult,  but  which  mud  be  rendered  more  fo  from  the 
foft  and  weak  Hate  of  the  little  creature  at  that  time.  The  cater- 
pillar is  always  much  larger  after  the  change. 

It  appears  from  the  experiments  of  M.  Lyonet,  that  this  cater- 
pillar generally  palfes  two  winters  at  lead,  if  not  three,  before  it 
adiimes  the  pupa  date,  but  then  it  neither  afils  nor  eats  in  the 
winter,  forming  at  the  approach  of  this  feafon  a little  cafe  or 
habitation,  the  infide  of  which  is  lined  with  filk,  and  the  outfide 
covered  with  fmall  pieces  of  wood  like  fine  faw-dud : inclofed  in 
this  it  waits  the  return  of  fpring.  They  are  fometimes  three 
inches  and  an  half  long  when  full  grown,  the  dualled  about  two 
inches.  The  fize  which  they  attain  is  very  great,  if  compared 
with  that  of  the  new  born  caterpillar,  which  does  not  exceed  one 
twelfth  of  an  inch,  an  increafe  in  growth  much  fuperior  to  that 
of  the  larger  animals. 
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It  generally  prepares  for  the  pupa  date  in  the  month  of  May ; 
it’s  firft  care  being  to  find  a hole  in  the  tree  fufficient  to  give  iffue 
to  the  moth  : and  if  it  finds  none  proper  for  the  purpofe,  it 
makes  one  equal  in  fize  to  the  future  pupa.  T he  hole  being 
made  or  found,  it  begins  to  condruct  a cafe  or  cone,  which  it 
forms  of  thin  pieces  of  wood,  uniting  them  together,  by  filk, 
into  an  ellipfoid  fhape ; the  outfide  is  formed  of  little  flicks  united 
together  in  all  direblions ; the  caterpillar  takes  care  that  the 
pointed  end  of  the  cafe  may  be  always  oppofite  to  the  mouth 
of  the  hole  : having  finifhed  the  outfide  of  the  cafe,  it  lines  the 
infide  with  a filken  tapeflry,  of  a clofe  texture  in  all  parts,  except 
the  pointed  end,  and  where  the  tiffue  is  looter,  in  order  to  facilitate 
it’s  efcape  at  a proper  feafon.  The  work  being  finifhed,  the  cater- 
pillar places  itfelf  in  the  cafe  in  fuch  a manner,  that  it’s  head 
may  always  lay  towards  the  opening  of  the  hole  in  the  tree  or 
pointed  end  of  it’s  cafe. 

In  this  date  it  remains  at  red  for  fome  time*  the  colour  of  the 
lkin  firft  becomes  pale,  afterwards  the  whole  fkin  appears  brown. 
The  interior  parts  of  the  head  are  detached  from  the  fkull,  the 
legs  retire  or  withdraw  themfelves  from  their  exterior  cafe, 
the  body  fhortens,  the  poderior  part  grows  fmall,  while  the  ante- 
rior part  fwells  fo  much,  as  at  lad  to  burd  the  fkin,  which,  by  a 
variety  of  motions,  it  pufhes  down  to  the  tail,  and  thus  exhibits 
the  pupa,  in  which  the  parts  of  the  future  moth  may  be  eafily 
traced.  / 

The  covering  of  the  pupa  is  at  fird  foft,  humid,  and  white, 
but  it  foon  dries  and  hardens,  and  is  then  of  a marron  colour ; 
the  fore-part,  in  which  the  lineaments  of  the  head,  the  legs,  and 
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the  wings  of  the  moth  may  be  difcovered,  is  quite  immoveable, 
but  the  pofterior  part  is  moveable.  The  anterior  end  of  this 
pupa  is  furnifhed  with  two  horns,  one  above  the  other,  under  the 
eyes  j there  are  alfo  on  it’s  back  feveral  rows  of  points  one  under 
the  other,  the  points  directed  towards  the  tail.  The  pupa  re- 
mains in  it’s  cafe  for  fome  weeks ; as  foon  as  the  moth  that  is 
formed  therein  finds  itfelf  enabled  to  break  the  bonds  by  which  it 
is  confined,  it  begins  to  agitate  itfelf  within  the  cafe  ; the  points 
are  then  rendered  of  efiential  fervice,  thofe  on  the  back  ferve  as  a 
fulcrum,  to  prevent  it’s  flipping  backwards,  while  it  is  opening  the 
hole  of  the  cone  with  thofe  on  the  head. 

The  new-formed  moth  labours  in  general  about  a quarter  of 
an  hour  before  it  can  effeftually  open  the  cafe.  This  being  done, 
by  redoubled  efforts  it  enlarges  the  hole,  and  prelfes  itfelf  for- 
wards, till  it  arrives  at  the  edge,  where  it  makes  a hidden  flop ; 
for  if  it  advanced  further  it  w7ould  fall  to  the  ground,  and  proba- 
bly lofe  it’s  life,  or  be  materially  injured  by  the  fall.  Here  then 
the  pupa  repofes  itfelf  for  a time,  after  which  the  moth  begins  to 
difengage  itfelf  from  the  bonds  which  confine  it ; when  it  has 
efcaped  from  the  pupa,  it  fixes  itfelf  againfi:  the  trunk  of  the 
tree,  with  the  head  upwards,  and  often  remains  in  this  fituation 
for  fome  hours,  during  which  time  the  wings  and  members  are 
perfectly  developed,  and  rendered  fit  for  aflion.  I have  been  in- 
formed by  Mr.  Marfham,  that  it  generally  pufhes  at  lead:  one- 
third  of  the  cafe  out  of  the  hole  before  it  halts. 
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Description  of  Plate  XII. 

The  body  of  the  caterpillar  in  this  plate  is  divided  into  twelve 
parts,  correfponding  to  it’s  rings.  Thefe  divifions  are  marked  in 
Fig.  2 and  3,  Plate  XII.  by  the  numbers  1,  2,  3,  up  to  12;  to 
the  firft  number  the  word  ring  is  annexed. 

Each  of  thefe  rings  is  diftinguilhed  from  that  which  follows, 
and  that  which  precedes  it,  by  a kind  of  neck  or  fmall  hollow 
part.  By  conceiving  a line  to  pafs  through  thefe  necks,  and 
forming  boundaries  to  the  rings,  we  acquire  twelve  more  di- 
vifions ; thefe  are  alfo  marked  1,  2,  3,  4,  &c.  to  12,  but  to  the 
firft  the  word  division  is  affixed. 

To  facilitate  further  the  defcription  of  this  animal,  M.  Lyonet 
found  it  necelfary  to  form  fome  ideal  divilions,  or  rather  lines, 
to  pafs  through  it.  He  therefore  fuppofed,  firft,  a line  to  pafs 
down  the  middle  of  the  back,  and  this  he  called  the  fuperior 
line,  becaufe  it  marked  the  molt  elevated  part  of  the  back  of  the 
caterpillar ; the  inferior  line,  one  diredily  oppofite  to  the  former, 
and  paffing  from  the  head  down  the  belly  to  the  tail. 

In  all  caterpillars,  on  the  right  and  left  of  each  ring,  except 
the  fecond,  third,  and  laft,  there  is  a little  organ,  fomething  to 
appearance  like  an  elliptic  fpot ; thefe  are  termed  the  fpiracula, 
and  have  been  mentioned  feveral  times  in  this  work  ; as  they  are 
fituated  nearly  at  equal  diltances  from  the  fuperior  and  inferior 
lines,  they  furnilh  us  with  a further  fub-divif  on,  called  the  lateral 
lines,  which  pafs  through  the  fpiracula,  the  one  on  the  right,  the 
other  on  the  left  fide  of  the  caterpillar. 
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Thefe  four  lines,  which  we  may  conceive  to  divide  the  cater- 
pillar longitudinally  into  four  equal  parts,  are  attended  with  this 
remarkable  circumftance,  that  each  of  them  mark  the  place  under 
the  fkin  that  is  occupied  by  a confiderable  vifcera ; the  heart,  or 
rather  the  thread  of  hearts,  lies  under  the  fuperior  line  ; the 
fpinal  marrow  immediately  over  the  inferior  line ; the  two  tra- 
cheal arteries  follow  the  courfe  of  the  lateral  lines. 

At  equal  didances  from  the  fuperior  and  two  lateral  lines,  and 
the  inferior  lines,  we  may  fuppofe  four  intermediate  lines.  The 
two  between  the  fuperior  and  lateral  lines  are  called  intermediate 
fuperior  lines  ; the  two  others  which  are  oppofite  to  them,  and 
between  the  lateral  and  inferior  lines,  the  intermediate  inferior 
lines. 

An  Explanation  of  Figures  i and  2,  Plate  XII;  or  an 

Account  of  the  Muscles  of  the  Caterpillar  when 

opened  by  the  Belly. 

Of  all  the  interior  parts  of  the  caterpillar,  none  prefent  Co 
beautiful  a view,  or  a more  wonderful  and  fymmetrical  arrange- 
ment, than  that  of  the  mufcles  ; the  more  fo,  if  they  are  taken 
away  by  equal  ftrata  on  both  fides,  fo  as  to  expofe  at  the  fame 
time  the  fimilar  mufcles  on  the  oppofite  fide,  and  by  this  means 
exhibit  to  the  aftonilhed  eye  their  exa6t  form  and  correfpond- 
ence. 

Fig.  1 and  2 is  a reprefentation  of  the  mufcles  of  two  different 
caterpillars,  opened  at  the  belly,  and  fuppofed  to  be  joined  to- 
gether at  the  fuperior  lines for  as  the  mufcles  on  the  oppofite 
6 ' fide 
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fide  of  each  caterpillar  are  perfe&Iy  fimijar,  it  was  not  only  un- 
neceffary  to  reprefent  them,  but  by  joining  another  view  of  die 
mufcles,  as  in  Fig.  2,  we  are  enabled  to  exhibit  thofe  mufcles 
which  were  covered  in  Fig.  1,  and  by  this  means  have  much  time 
in  the  defcription,  and  the  addition  of  another  plate. 

The  dorfal  mufcles,  or  thofe  of  the  back,  are  marked  by  capital 
letters  ; the  gaflric  mufcles,  or  thofe  of  the  belly,  by  Roman  let- 
ters ; the  lateral  mufcles  by  Greek  charaflers.  Mr.  Lyonet  has 
only  given  a name  to  thofe  among  the  latter,  which  are  marked 
$ ; thefe  are  placed  upon  all  the  divisions,  from  the  fecond  to  the 
eleventh  ; they  are  called  dividing  mufcles,  on  account  of  their 
fituation ; a mufcle  that  has  been  once  marked  with  a letter 
always  retains  the  fame,  both  in  the  defcription  and  the  other 
figures. 

Preparation. 

The  caterpillar  was  emptied,  and  the  mufcles  freed  from  the 
malfes  of  fat,  the  nerves,  and  other  velfels,  which,  if  they  had 
been  left,  would  have  confufed  the  view  of  the  mufcles,  and  ren- 
dered it  difficult  to  diflinguifh  and  trace  them. 

First  Ring. 

The  mufcle  A is  double.  The  anterior  Gne  is  thick  at  top, 
and  feems  to  be  divided  into  different  mufcles  on  the  upper  fide, 
but  it  has  no  fuch  appearance  on  the  under  fide.  One  of  their  in- 
fertions  is  towards  the  head,  at  the  {kin  of  the  neck  ; the  other 
infertion  of  the  firff  mufcle  A is  a little  above,  and  that  of  the 
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fecond  mufcle  A is  a little  below  the  firft  fpiraculum,  near  which 
they  are  fixed  to  the  {kin. 

cl  is  long  and  {lender ; it  is  fixed  by  it’s  anterior  extremity  un- 
der the  gaftric  mufcles  (a  and  b)  of  the  firft  ring,  to  the  circum- 
flex fcale  of  the  bale  of  the  lower  lip.  After  having  paffed  under 
fome  of  the  arteries,  it  introduces  itfelf  under  the  mufcle  0,  and 
communicates  there  with  the  mufcle  c of  the  fecond  ring. 

P>  is  fometimes  fingle,  fometimes  double,  and  fometimes  triple ; 
it  is  hardly  poftible  to  open  the  caterpillar  by  the  belly  without 
breaking  it ; the  anterior  fixture  is  to  the  pofterior  edge  of  the  fide 
of  the  parietal  fcale ; the  lower  fixture  is  at  the  middle  of  the- 
ring,  near  the  inferior  line. 

The  mufcles  marked  £ are  three  in  number ; the  firft  is  fixed 
at  one  extremity,  near  the  lower  edge  of  the  upper  part  of  the 
parietal  fcale ; the  other  end  divides  itfelf  into  three  or  four  tai]s 
which  are  fixed  to  the  fkin  of  the  caterpillar  under  the  mufcle  ^ 

The  anterior  end  of  the  fecond  has  it’s  infertion  near  the  for- 
mer ; that  of  the  third  a little  under  the  two  foregoing,  at  the  fkin 
of  the  neck,  under  the  mufcle  A.  Thefe  two  laft  pafting  over 
the  cavity  of  the  firft  pair  of  limbs,  are  fixed  by  feveral  tails  to 
the  edge  oppofite  to  this  cavity. 

In  this  fubjeft  there  are  two  mufcles  marked  Si,  fometimes  there 
is  only  one ; their  anterior  fixture  is  to  the  lower  edge  of  the 
parietal  fcale ; the  other  ends  are  inferted  in  the  firft  fold  of  the 
fkin  of  the  neck,  on  the  belly  fide. 

/3  and 
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/3  and  <$  are  beft  feen  in  Fig.  3,  where  they  are  entire,  not 
being  injured  by  an  unnatural  extenfion. 

Of  the  second  and  following  Rings,  to  the  last. 

Two  large  dorfal  mufcles,  A and  B,  are  difcovered  in  the 
fecond  and  four  following  rings.  There  are  three,  A,  B,  C,  in 
the  7th,  8th,  9th,  and  10th  rings ; four.  A,  B,  C,  D,  are  to  be 
feen  at  the  1 1 th  ring ; and  five.  A,  B,  C,  D,  E,  at  the  anterior 
part  of  the  12th  ring. 

All  thefe  files,  or  ranges  of  mufcles,  A,  B,  C,  and  E,  as  well 
as  the  gaftric  mufcles,  a,  b,  c,  d,  appear  at  firfl  fight  only  as  a 
fingle  mufcle,  running  nearly  the  whole  length  of  the  caterpillar; 
but  when  this  is  detached  from  the  animal,  it  is  found  to  confifl 
of  fo  many  diftinft  mufcles,  each  mufcle  only  the  length  of  one 
of  the  rings  ; their  extremities  are  fixed  to  the  divifions  of  each 
ring,  excepting  the  mufcle  a,  which  at  the  6th,  7th,  8th,  and 
9th  rings  has  it’s  infertions  rather  beyond  the  divifions.  Each 
row  of  mufcles  appears  as  one,  becaufe  they  are  clofely  con- 
ne£led  at  top  by  fome  of  the  fibres,  which  pafs  from  one  ring  to 
the  other.  The  mufcles  A,  B,  C,  E,  from  their  fituation  may 
be  called  the  right  mufcles  of  the  back ; and  for  the  fame  reaforr 
the  mufcles  a,  b,  c,  and  d,  may  be  called  the  right  mufcles  of 
the  belly. 

From  the  third  ring  the  mufcles  A,  which  are  twelve  in  num- 
ber, gradually  diminifh  in  breadth  to  the  lower  part  of  the  laff. 
ring;  at  the  8th  and  three  following  divifions  they  communicate 
with  the  mufcles  B,  and  at  the  1 ith  with  D.  In  the  lower  part 
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of  the  lafl  ring,  A is  much  broader  than  it  was  in  the  preceding 
ring ; one  extremity  of  it  is  contra&ed,  and  communicates  with 
B ; the  lower  infertion  is  at  the  membrane  I,  which  is  the  exterior 
fkin  of  the  foecal  bag. 

It  may  be  proper  to  obferve,  that  the  mufcles,  A and  B,  of  the 
lower  part  of  the  lafl  ring,  cannot  be  feen  until  a large  mufcle  is 
removed,  which  on  one  fide  is  fixed  to  the  fubdivifion  of  this 
ring,  on  the  other  to  the  fcecal  bag. 

The  right  mufcles  B are  alfo  twelve  in  number ; they  begin  at 
the  fecond  ring,  and  grow  larger  from  thence  to  the  7th : from 
the  7th  to  the  fubdivifion  of  the  12th  they  are  one-half  narrower; 
the  deficiency  in  width  is  fupplied  by  the  fix  mufcles  C,  which 
go  with  it  from  the  7th  to  the  fubdivifions  of  the  12th  ring.  The 
mufcles  B and  C have  a lateral  communication  at  the  8th,  1 ith, 
and  1 2th  divifions ; C is  wanting  at  the  fubdivifion  of  the  1 2th 
ring ; ids  place  is  filled  up  by  B,  which  becomes  broader  in  that 
part. 

We  have  now  only  to  fpeak  of  the  three  floating  mufcles  V. 
The  firfl  of  thefe  originates  at  the  firfl  ring,  from  whence  it  intro- 
duces itfelf  under  N,  where  it  is  fixed,  and  then  fubdivides,  and 
paffes  under  parts  which  render  it  invifible  in  this  figure. 

The  fecond  floating  mufcle  begins  at  the  fecond  divifion,  being 
fixed  to  the  anterior  extremity  B of  the  fecond  ring ; from  thence 
it  directs  itfelf  towards  the  ftomach,  and  after  communicating 
with  the  cafe  of  the  corpus  craffum,  it  divides  and  fp reads  itfelf 
into  eight  mufcles,  which  run  along  the  belly. 
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The  third,  V,  begins  at  the  third  divifion,  originating  partly 
at  the  Ikin,  partly  at  the  jun&ion  of  the  mufcles  B of  the  fecond 
and  third  ring.  It  direfts  itfelf  obliquely  towards  the  belly, 
meeting  it  near  the  third  fpiraculum ; branching  from  thence,  it 
forms  the  oblique  mufcles  of  this  vifcera. 

The  thin  long  mufcle  0,  which  is  at  the  fubdivifion  of  the  laft 
ring,  and  covers  the  anterior  infertion  of  the  large  mufcle  (a), 
where  the  ring  terminates,  (il  eft  fans  paire)  it  is  fingle;  it  begins 
at  one  extremity  of  the  mufcle  c,  at  the  fore  part  of  the  ring, 
runs  along  the  fubdivifion,  round  the  belly  of  the  caterpillar, 
and  finifties  on  the  other  fide,  at  the  extremity  of  a fimilar  mufcle 

C. 

Explanation  of  Fig.  2,  Plate  XII. 
Preparation. 

All  the  dorfal  mufcles,  thirty-five  in  number,  were  taken  out, 
as  well  as  the  feven  lateral  ones  which  have  been  defcribed  in  the 
preceding  figure. 

All  the  ftrait  mufcles  of  the  belly  were  alfo  taken  away,  as  well 
as  the  mufcular  roots  9,  and  the  ends  of  the  gaftric  mufcles  c, 
which  are  at  the  third  and  fourth  divifion. 

At  the  fecond  divifion  the  middle  of  the  mufcle  0 was  removed, 
the  extremities  only  being  left  to  point  out  where  it  was  inferted. 
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The  tracheal  artery  was  alfo  removed. 

Explanation  of  the  first  Ring. 

We  fee  fully  here  the  mufcles  C * £ and  (i)  which  were  but 
partly  feen  in  the  preceding  figure,  and  the  gafiric  mufcles  g, 
which  were  not  feen  there. 

The  mufcles  C * occupy  two  rings ; it  is  very  difficult  to  de- 
termine their  precife  number ; ten  may  be  counted  at  the  anterior 
end,  which  are  collefled  in  one  fafcicle,  and  inferted  at  the  fide 
of  the  upper  part  of  the  parietal  fcale,  immediately  under  the 
mufcles  £ ; towards  the  lower  end  thefe  mufcles  fpread  like  a fan, 
and  a greater  number  may  be  counted ; they  communicate 
laterally  with  each  other  by  reciprocal  branches,  which  makes  it 
difficult  to  determine  whether  they  fhould  be  confidered  as  fingle 
mufcles,  or  as  fo  many  diffinft  ones.  The  lower  extremity  of  all 
but  the  two  laft  crofs,  at  the  fuperior  line  of  the  fecond  ring,  the 
tails  of  fimilar  mufcles  on  the  oppofite  fide  ; after  which,  they 
are  inferted  at  the  fkin  beyond  this  line. 

There  are  five  lateral  mufcles  £,  fometimes  fix  ; they  have  their 
firft  fixture  at  the  fide  of  the  head,  their  lower  part  widens,  and 
is  inferted  lengthways  in  the  fecond  divifion. 

The  mufcles  0 of  the  firft  ring,  as  well  as  the  fimilar  mufcles  of 
the  nine  other  rings,  are  better  feen  in  this  than  in  Fig.  1 ; as 
they  are  placed  over  the  divifions,  they  may  be  termed  dividing 
mufcles.  That  of  the  fecond  divifion  has  been  feparated  to  ffiew 
the  mufcles  underneath.  It  is  fingle  as  well  as  that  of  the  third 
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divifion ; that  of  the  fourth  is  double ; they  appear  more  nu- 
merous in  the  fucceeding  divifions,  though  they  are,  in  general, 
only  double,  feldom  triple,  but  much  thicker;  thofe  of  the  third 
and  fourth  divifion  pafs  over  the  tracheal  artery,  whilft  all  the 
others  go  under  it:  we  find  them  at  all  the  divifions  but  the  firft 
and  laft. 

Second  Ring. 

The  dorfal  mufcles  are  fufficiently  feen  in  this  ring,  to  enable 
the  obferver  to  form  fome  idea  concerning  them. 

C is  the  only  one  which  is  fairly  expofed  ; it  has  it’s  polterior 
infertion  at  the  third  divifion,  near  the  intermediate  fuperior  line, 
from  whence  advancing  obliquely  it  becomes  forked,  one  branch 
paffes  under  the  dividing  mufcle,  and  is  fixed  to  the  fkin,  from 
whence  it  again  proceeds,  and  forms  the  fine  long  mufcle  ot 
of  the  firft  ring.  The  other  branch  is  fixed  to  the  fkin,  near  the 
lateral  line,  under  the  mufcle  y of  the  fecond  ring. 

When  the  mufcle  C and  fome  of  the  mufcles  C * are  removed, 
we  fee  the  whole  of  D ; the  direction  of  this  mufcle  is  en- 
tirely contrary  to  that  of  C. 

After  taking  away  D,  we  clifcover  the  mufcle  E,  which  is  in- 
clined towards  the  fame  fide  as  C,  but  not  fo  obliquely.  By 
taking  away  E we  are  enabled  to  fee  the  mufcle  F,  which  is 
parallel  to  D : thefe  three  laft  mufcles  are  fixed  to  the  divifions 
which  terminate  the  rings ; the  lateral  mufcles  are  not  feen  fo  as 
to  be  deferibed. 
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The  third  Ring 

Prefents  four  dorfal  mufcies,  C,  D,  E,  F.  The  firft  dorfal! 
mufcle,  C,  isinferted  at  the  third  divifion  under  the  mufcies  0 and 
where  it  communicates,  by  means  of  fome  fibres,  with  the  mufcle1 
f of  the  fecond  ring ; from  thence  it  proceeds  obliquely  towards 
the  intermediate  fuperior  line,  and  is  fixed  at  the  fourth  divifion. 

As  foon  as  C is  retrenched,  the  mufcle  D is  feen  this  grows 
wider  from  the  anterior  extremity ; it  lies  in  a contrary  dire&iorr 
to  the  mufcle  C,  and  is  infertea  into  the  third  and  fourth' 
divifions. 

The  mufcle  E lies  in  the  fame  dire&ion  as  the  mufcle  C,  but 
not  fo  obliquely  ; the  lower  infertion  is  at  the  fourth  divifion,  the 
other  is  at  the  third,  immediately  under  C. 

The  mufcle  F is  nearly  parallel  to  D,  which  joins  to  it ; the 
firft  infertion  is  vifible,  the  other  is  at  the  fourth  divifion,  under 
the  mufcies  E and  G. 

There  are  no  lateral  mufcies  to  be  defcribed  in  this  ring. 

The  eight  following  Rings. 

There  are  only  two  dorfal  mufcies,  and  no  lateral  ones,  to  be 
defcribed  in  thefe  rings. 
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Of  thefe  two  mufcles,  D is  the  only  one  that  is  altogether  feen ; 
it  is  very  large,  and  diminishes  gradually  in  breadth,  from  ring 
to  ring,  to  the  laft,  branching  off  in  fome  places. 

E is  one  of  the  ftrait  mufcles  of  the  back,  and  is  infCrted  at  the 
divifions  of  its  own  ring,  under  the  dividing  mufcles  0. 

Anterior  Part  of  the  twelfth  Ring. 

There  are  three  dorfal  mufcles,  D,  E,  F,  to  be  confidered  in 
this  part. 

The  mufcle  D is  fimilar  to  D of  the  preceding  ring,  only  that 
it  terminates  at  the  fubdivifion  of  it’s  ring,  and  is  confequently 
only  half  as  long. 

E is  of  the  fame  length,  and  differs  from  the  mufcle  E of  the 
preceding  ring  only  in  it’s  direftion. 

The  mufcle  F is  parallel  to  E,  and  fhorter;  it’s  anterior  end 
does  not  reach  the  twelfth  divifion. 

Posterior  Part. 

There  is  only  one  dorfal  mufcle  here,  which  is  faflened  by 
fome  fhort  mufcles  to  the  fubdivifions  of  the  laft  ring,  traverling 
the  mufcles  a,  and  being  fixed  there,  as  if  defigned  to  Strengthen 
them,  and  to  vary  their  direftion. 

a is 


T t 2 


340 


Microscopical  Essays. 


a is  a fingle  mufcle  ; it’s  anterior  infertion  is  vifible,  the  other 
end  is  fixed  to  the  bottom  of  the  foot  of  the  lad  leg ; it  is  ufed  to 
move  the  foot. 

The  anterior  part  of  the  mufcle  /3  is  divided  into  three  or  four 
heads,  which  crofs  the  fuperior  line  obliquely,  and  are  fixed  to  the 
(kin  a little  above  it.  The  other  end  is  fattened  to  the  mem- 
brane T. 

Ant  Explanation  of  Figures  3 and  4,  of  Plate  XII. 

or  an  Account  of  the  Muscles  of  this  Caterpillar 

WHEN  IT  IS  OPENED  AT  THE  BACK. 

Preparation  for  Fig.  3. 

The  mufcles  were  not  only  difengaged  from  all  extraneous 
matter,  as  before,  but  as  it  reprefents  the  third  figure  of  Mr. 
Lyonet,  on  the  mufcles  of  the  caterpillar’s  back  a great  many  had 
been  removed  before  the  parts  of  the  infefl  appeared,  as  deline- 
ated in  this  figure. 

First  Ring. 

Onlv  two  gaftric  mufcles,  c d,  are  feen  here  ; c is  broad,  and 
has  three  or  four  little  tails ; the  firft  fixture  is  at  the  bafe  of  the 
lower  lip,  from  whence  it  defcends  obliquely,  and  is  fixed  be- 
tween the  inferior  and  lateral  line. 
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The  little  mufcle  d is  fattened  on  one  fide  to  the  firftfpiraculum, 
and  on  the  other  fide,  a little  lower  to  the  intermediate  inferior 
and  the  lateral  line;  it  feems  to  be  the  antagonift  of  P,  which 
opens  the  lpiracula. 

The  lateral  mufcles  /3  ci  are  very  well  feen  in  this  figure ; the 
potterior  fixture  of  S is  under  the  mufcle  C,  near  the  fkin  of  the 
neck  ; 3 is  fixed  a little  on  the  other  fide  of  C,  at  the  middle  of 
the  ring. 


Second  Ring. 

Three  gattric  mufcles,  g,  h,  i,  appear  here;  g and  h are  fixed 
at  the  folds  which  terminate  the  ring ; i has  only  it’s  anterior 
fixture  there. 

h is  triple ; in  one  of  the  divifions  it  is  feparated  into  two 

parts. 

i approaches  more  the  inferior  line,  and  is  fixed  a little  beyond 
the  middle  of  the  ring,  where  the  fimilar  mufcle  on  the  oppofite 
fide  is  forked  to  receive  it. 

Third  Ring. 

h,  which  was  triple  in  the  preceding  ring,  is  double  here ; 
that  part  which  is  neareft  the  inferior  line  is  thebroadeft;  it  has 
three  tails,  of  which  only  two  are  vifible. 
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The  mufcle  i is  exaftly  fimilar  to  that  of  the  preceding  ring 
and  is  crofted  in  the  fame  manner  by  the  mufcle  from  the  oppofite 
fide  of  the  ring. 

The  eight  following  Rings. 

The  mufcle  f,  in  all  thefe  rings,  is  very  broad  and  ftrong ; 
the  anterior  fixture  is  at  the  intermediate  inferior  line,  on  the  fold 
of  the  firft  divifion  of  the  ring;  the  other  fixture  is  beyond  the 
lower  divifion,  with  this  difference,  that  at  the  10th  and  11th 
rings  the  fixture  is  at  the  laft  fold  of  it’s  ring ; whereas  in  the 
others  it  paffes  over,  and  is  inferted  in  the  fkin  of  the  following 
ring. 

In  all  thefe  rings  the  firft  extremity  of  g is  fafiened  to  the  fold 
which  feparates  the  ring  from  the  preceding  one,  and  is  parallel 
to  f,  and  placed  at  the  fide  of  it. 

The  fix  firfl,  g,  are  forked  ; that  of  the  fourth  ring  is  very 
muchfo;  it  does  not  unite  till  it  is  near  it’s  anterior  infertion. 
The  longeft  tail  lays  hold  of  the  following,  and  is  inferted  near 
the  inferior  line ; the  other  inferts  itfelf  near  the  fame  line,  at 
about  the  middle  of  it’s  own  ring. 

The  two  laft,  g,  do  not  branch  out,  but  terminate  at  the  di- 
vifions  without  reaching  the  following  ring. 

The  mufcle  h is  placed  at  the  fide  of  f,  has  nearly  the  fame 
dire&ion,  and  finifhes  at  the  folds  of  the  ring. 


Ante- 
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Anterior  Part  of  the  twelfth  Ring. 

The  only  gaftric  mufcle  left  here  is  e ; it  is  placed  on  the  inter- 
mediate inferior  line ; in  it’s  diredlion  it  feparates  from  it’s  lateral, 
and  is  inferted  at  the  folds  of  the  upper  divifion,  and  at  the  fub- 
divifion  of  this  ring. 

Lower  Part  of  the  twelfth  Ring. 

c is  a large  mufcle,  with  feveral  divifions  ; one  placed  under 
(b)  of  the  preceding  figure,  one  extremity  is  fixed  near  the  lateral 
line,  at  the  fubdivifion  of  it’s  ring,  the  other  to  the  fcecal  bag,  & 
liule  lower  than  the  mufcle  b. 

Explanation  of  Fig.  4,  Plate  XIL 

All  the  gaftric  mufcles  defcribed  in  the  preceding  figure  dif~ 
appear  in  this,  as  well  as  all  thofe  lateral  and  dorfal  ones  whofe 
letters  are  not  found  in  this  figure. 

First  Ring. 

e f g are  the  gaftric  mufcles,  which  are  beft  feen  here. 

e is  narrow  and  long ; it  pafies  under  and  croftes  f,  one  of  it’s 
infertions  is  at  the  lower  line,  the  other  is  at  the  lateral,  between 
the  fpiraculum  and  the  neck. 

f is 
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f is  fhort,  broad,  and  nearly  flrait,  placed  along  the  interme- 
diate line,  but  between  it  and  the  lateral ; it  paffes  under  e,  and  is 
fixed  to  the  fold  of  the  fkin  which  goes  from  one  leg  to  the  other; 
the  lower  inferticn  is  near  the  fecond  divif  on. 

There  are  fometimes  three  mufcles  g,  and  fometimes  four  ; their 
lower  fixture  is  about  the  middle  of  the  ring ; the  anterior  infer- 
tion  is  at  the  fold  of  the  fkin,  near  the  neck. 

The  mufcles  i and  h are  -alfo  fixed  to  the  fame  fold ; the  other 
end  of  h is  fixed  under  the  mufcle  IT  near  the  fpiraculum. 

Above  the  upper  end  of  f,  a mufcular  packet  g,  formed  by  the 
feparation  of  two  floating  mufcles,  may  be  feen ; though  only  im- 
perfeftly,  as  they  were  injured  by  the  diffedUon. 

Second  Ring. 

Six  gaflric  mufcles,  k,  1,  m,  n,  o,  p,  may  be  pretty  well 
diflinguifhed  in  this  ring. 

k is  a large  oblique  mufcle,  with  three  or  four  divifions,  placed 
at  the  anterior  part  of  it’s  ring ; the  head  of  it  is  fixed  between  the 
inferior  line  and  it’s  intermediate  one,  at  the  fold  of  the  fecond 
divifion,  from  whence  it  croffes  the  inferior  line,  and  it’s  fimilar 
mufcle ; it  terminates  to  the  right  and  left  of  this  line. 

1 is  a narrow  mulcle,  whofe  head  is  fixed  to  the  fold  of  the 
fecond  divifion,  the  tail  of  it  lies  under  n,  and  is  faflened  to  the 
edge  of  the  fkin  that  forms  the  cavity  for  the  leg. 
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m,  two  mufcles  of  the  fame  obliquity,  placed  one  on  the  other; 
the  head  of  it  is  inferted  in  the  {kin,  under  the  mufcle  /3,  and 
communicates,  by  a bed  of  fibres,  with  the  tail  of  the  mufcle  y ; 
the  other  end  is  fixed  to  the  intermediate  inferior  line,  at  the  fold 
of  the  third  divifion. 

n is  large  and  broad ; it  covers  the  lower  edge  of  the  cavity  of 
the  limb,  and  the  extremity  of  the  tail  of  1 ; the  firft  fixture  is  at 
the  fkin,  near  the  intermediate  line,  from  whence  it  goes  in  a 
perpendicular  dire&ion  towards  m,  and  introduces  itfelf  under 
o and  m,  where  it  is  fixed, 

✓ 

o is  narrow  and  bent,  and  covers  a little  the  edge  of  the  cavity 
of  the  leg ; one  end  terminating  there,  the  other  end  finifhes  at 
the  third  divifion  near  m. 

p is  alfo  bent ; it  runs  near  the  anterior  edge  of  the  cavity  of 
the  leg ; one  end  meets  the  head  of  o,  the  other  end  terminates 
at  a raifed  fold,  near  the  inferior  line. 

On  the  fide  of  the  lateral  mufcle  o there  is  a triangular  mufcle, 
fimilar  to  q of  the  following  ring  ; it  is  entirely  concealed  in  this 
by  the  mufcle  m. 


Third  Ring. 

This  ring  has  no  mufcle,  fimilar  to  m of  the  preceding  ring. 

k only 
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k only  differs  from  the  mufcle  of  the  fecond  ring,  in  that  it  is- 
croffed  by  the  oppofite  mufcle,  whereas  k crolfes  the  oppofite 
mufele. 

As  the  mufcles  1,  n,  o,  p,  of  this  ring  are  fimilar.  to  thofe  of 
the  preceding  one,  they  need  not  be  defcribed. 

. q is  a triangular  mufcle  ; the  bafe  of  it  is  faftened  to  the  laft 
fold  of  it’s  ring,  on  the  lower  fide  it  is  fixed  to  the  mufcle  o,  the; 
fummit  to  the  fkin  at  the  edge  of.  the  cavity  for  the  leg. 

The  eight  following  Rings. 

, 4 ✓ y C.j  * ^ , \vO#IT£*r  ?.I  o 

We  difcover  here  the  gaftric  mufcles,  i,  k,  1,  m* 

The  mufcle  i is  quite  ftrait,  and  is  placed  at  a little  diftanee 
from  the  inferior  line ; it  is  broad  at  the  fourth  ring,  but  diminifhes 
gradually  in  breadth  to  the  eleventh.  It  is  united  at,  the  fourth, 
but  is  divided  into  two  heads,  which  divaricate  in  the  following 
rings.  In  the  fix  next  rings  thefe  heads  are  fixed  nearly  at  the 
fame  place  with  a and  f ; in  the  other  two  it  terminates  at  the 
fold  of  the  ring.  The  anterior  infertion  of  the  firft  and.  laft  is  at 
the  fold,  where  the  ring  begins ; that  of  the  fix  others  is  fome- 
what  lower,  under  the  place  where  the  mufcle  i,  which  precedes, 
them,  finifhes, 

k is  an  oblique  mufcle,  whofe  lower  infertion  is  at  the  fkin  near 
i;  the  other  at  the  intermediate  inferior,  upon  the  fold  which 
feparates  the  following  ring ; it  is  milling  in  the  eleventh  ring. 

I is 
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1 is  a large  mufcle  which  co-operates  with  M ; in  opening  and 
(hutting  the  fpiraculum,  one  of  it’s  fixtures  is  near  the  intermediate 
inferior  line,  at  about  the  fame  height  as  i ; the  tail  finifhes  a little 
lower  than  the  fpiraculum. 

Twelfth  Ring. 

There  remains  here  only  the  gaflric  mufcle  d,  which  is  a fafci- 
cle  of  fix,  feven,  or  eight  mufcles  ; the  firft  fixture  of  thefe  is  at 
the  fubdivifion  of  the  ring,  near  the  inferior  line ; one  or  two 
crofs  this,  and  at  the  fame  time  the  fimilar  mufcles  of  the  oppo- 
fiie  fide.  Their  fixture  is  at  the  bottom  of  the  foot ; their  func- 
tion is  to  concur  with  the  mufcle  a,  in  bringing  back  the  foot, 
and  loofen  the  claw  from  what  it  lays  hold  of. 

We  perceive  here  the  mufcle  one  of  it’s  infertions  is  at  the 
bottom  of  the  foot,  neard;  the  other  extremity  near  the  fub- 
divifion of  the  ring. 

Explanation  of  Fig.  5 and  6,  Plate  XII. 

The  anatomical  delineation  of  the  head,  which  is  given  at  Pig. 

$ and  6,  fliould  be  confidered  as  confiding  of  twC  figures,  which 
join  in  the  middle,  being  terminated  by  the  inferior  and  fuperior 
lines.  It  will  be  impolfible  in  this  place  to  give  more  than  a very 
loofe  idea  ol  the  head  of  the  caterpillar  in  thefe  two  figures,  as  M. 
Lyonet  found  it  necefi'ary  to  employ  twenty,  in  order  to  dilplay 
properly  the  organization  ol  this  part.  Thefe  will,  however,  be 
fufficient  to  give  fome  idea  of  it  to  thofe  who  cannot  procure  or 
read  the  work  itfelf ; it  may  alfo  ferve  to  llimulate  thofe  who 
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have  leifure  to  extend  further  the  anatomy  of  infefts ; for  it  is 
only  by  a comparifon  of  their  s with  that  of  man,  that  we  can  ever 
afcertain  their  true  place  in  the  fcale  of  creation.  If  this  com- 
parifon could  be  accurately  difcovered,  the  true  philofopher 
would  be  able  to  trace  their  final  caufe,  or  rather  the  originating 
fource  of  their  exiftence,  and  point  out  the  degree  in  which  they 
accorded  with  thofe  laws  of  goodnefs  and  truth,  by  which  the 
univerfe  and  all  it’s  parts  are  regulated  and  governed. 

The  head,  as  reprefented  in  thefe  figures,  is  magnified  about 
three  hundred  and  forty-three  times ; it  is  feparated  from  the 
neck,  and  difengaged  from  the  fat.  The  figures  here  under  con- 
fideration  reprefent  the  head  in  the  third  and  fourth  ftate  of  ex- 
amination, when  a great  many  parts  had  been  removed,  in  order 
to  difcover  thofe  that  are  here  feen. 

l 

H H,  the  two  palpi.  The  truncated  mufcles  D belong  to  the 
lower  lip,  and  form  a part  of  it’s  moving  mufcles.  K is  the  two 
ganglions  of  the  neck  united.  1 1,  the  two  filk  veffels.  L,  the 
oefophagus.  M,  the  two  diffolving  veffels. 

N 2 3 1 are  the  continuation  of  four  cephalic  arteries.  Fig.  5, 
S S,  T T,  V V,  and  Z,  are  the  ten  abduftor  mufcles  of  the  jaw. 
Fig.  6,  under  e e and  f f,  are  feen  four  occipital  mufcles.  a k,  a 
nerve  of  the  firft  pair  belonging  to  the  ganglion  of  the  neck  ; b, 
a branch  of  this  nerve. 
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Fig.  7,  Plate  XII. 

Is  an  outline  of  the  head,  magnified  confiderably  more  than  in 
the  lafl  figures,  exhibiting  the  nerves  as  feen  from  the  under  part. 

Excepting  in  two  or  three  nerves  (andthefe  maybe  eafily  known, 
becaufe  each  nerve  of  the  fame  pair  is  marked  with  a fimilar 
letter),  only  one  nerve  of  each  pair  is  drawn,  as  a greater  number 
would  have  occafioned  much  confufion. 

The  nerves  of  the  firft  ganglion  of  the  neck  are  defigned  by 
capital  letters. 

The  nerves  of  the  ganglion  a of  the  head  are  diflinguifhed  by 
Roman  letters. 

The  nerves  of  the  fmafl  ganglion  by  Greek  chara6lers. 

Thofe  of  the  frontal  ganglion,  except  one,  by  numbers, 

A GENERAL  IDEA  OF  THE  INTERIOR  PARTS  ' OF  THE 

Caterpillar. 

Having  defcribed  fo  many  of  the  parts  as  to  evince  the  ama- 
zing wonders  that  are  difplayed  in  this  infeft,  I proceed  to  give  a 
more  particular  account  of  the  nature  of  fome  of  thofe  parts. 


Of  the  different  Orders  of  Muscles,  by  which  the 
Caterpillar  is  enabled  to  move  all  the  various 
Parts  of  the  Body. 

Thefe  mufcles  have  neither  the  exterior  form,  nor  the  colour  of 
thofe  of  larger  animals.  In  their  natural  hate  they  are  foft,  and 
have  the  appearance  of  a jelly  ; they  are  of  agreyifh  blue,  and  the 
filver-coloured  appearance  of  the  aerial  or  pulmonary  velfels, 
which  creep  over  and  penetrate  their  fubflance,  exhibits  under 
the  microfcope  a mod  beautiful  fpedlacle.  When  the  caterpillar 
has  been  foaked  for  fome  time  in  fpirit  of  wine,  they  lofe  their 
elafticity  and  tranfparency,  and  become  firm,  opake,  and  white  ; 
the  aerial  velfels  difappear.  At  fil'd  light  they  might  be  taken  for 
tendons,  as  they  are  of  the  fame  colour,  and  polfefs  almoll  the 
fame  luftre.  They  are  generally  flat,  and  of  an  equal  fize 
throughout ; the  middle  feldom  differs  either  in  colour,  fub- 
llance,  or  fize,  from  the  extremities. 

The  ends  are  fixed  to  the  fkin  ; the  reft  of  the  mufcie  is  gene- 
rally free  and  floating  ; feveral  of  them  branch  out  confiderably ; 
the  branches  extend  fometimes  fo  far,  that  it  is  not  always  eafy 
to  difcover  whether  they  are  diffindi  and  feparate  mufcles,  or 
parts  of  another.  They  are  of  a moderate  ftrength;  thofe  that 
have  been  foaked  in  fpirit  of  wine,  when  examined  by  the 
microfcope,  will  be  found  to  be  covered  with  a membrane,  which 
may  be  feparaied  from  them,  they  then  appear  to  confifl  of 
feveral  parallel  bands,  direfled  according  to  the  length  of  the 
mufcie.  Thefe,  when  divided  by  the  alfiffar.ee  of  very  fine 
needles,  appear  to  be  compofed  of  ftill  fmaller  fafciclcs  of  fibres, 
in  the  lame  diredlion,  which,  when  examined  with  a very  deep 

magnifier. 
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magnifier,  and  in  a favourable  light,  appear  twilled  like  a fmall 
cord;  The  mufcular  fibres  of  the  fpider,  which  are  much  larger 
than  thofe  of  the  caterpillar,  are  found  on  examination  to  confill 
of  two  lubftances,  one  foft,  and  the  other  hard  ; the  lafh  is  twilled 
round  the  former  fpirally,  and  thus  gives  to  it  the  afore-mentioned 
cord-like  appearance.. 

If  the  mufcles  are  feparated  by  means  of  very  fine  needles,  in  a 
drop  of  fome  fluid,  we  find  that  they  are  not  only  compofed  of 
fibres,  membranes,  and  aerial  vellels,  but  alfo  of  nerves ; and 
from  the  drops  of  oil  that  may  be  feen  floating  on  the  fluid,  that 
they  are  alfo  furnilhed.  with  many  unftuous  particles.. 

The  number  of  mufcles  in  a caterpillar  is  very  great,  exceeding 
by  much  thofe  of  the  human  body  ; the  reader  may  form  fome 
idea  of  their  quantity,  by  looking  at  Fig.  1 and  2,  3 and  4,  of 
Plate  XII.  They  occupy  the  greatell  part  of  the  head  ; there  is 
an  allonifhing  number  at  the  oefophagus,  the  intellines,  &c.  the 
Ikin  is  as  it  were  lined  by  different  beds  of  them,  placed  one  urn 
der  the  other*  and  ranged  with  very  great  fymmetry. 

The  number  of  mufcles  that  our  obferver  has  been  able  to 
dillinguifh  is  truly  allonifhing  ; he  found  228  in  the  head,  1647  in 
the  body,  2066  in  the  intellinal  tube,  making  in  all  4041. 

The  spinal  marrow,  and  the  brain  of  the  caterpillar,  if 
they  can  be  faid  to  have  any,  feems  to  have  very  little  relation  to 
thofe  of  man;  in  the  lafl,  the  brain  is  inclofed  in  a bony  cavity  ; ' 
it  occupies  the  greatell  part  of  the  head,  and  is  anfractuous,  and 
divided  into  lobes.  There  is  nothing  fimilar  to  this  in  the  cater- 

' pillar ; 
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pillar ; we  find  indeed  in  the  head  of  that  which  we  are  defcri- 
hing,  a part  which  Teems  to  anfwer  the  purpofe  of  the  brain,  be- 
caufe  the  nerves  that  are  difleminated  through  the  head  are 
derived  from  it ; but  then  this  part  is  unprote&ed,  and  fo  fmall, 
that  it  does  not  occupy  one- fifth  part  of  the  head  ; the  furface  is 
finooth,  and  has  neither  lobes  nor  any  anfra&uofity  : and  if  we 
muft  call  this  a brain,  the  caterpillar  may  be  faid  to  have  thirteen, 
as  there  are  twelve  more  fuch  parts  following  each  other  in  a line; 
they  are  nearly  of  the  fame  fize  with  that  in  the  head,  and  of  the 
fame  fubftance,  and  it  is  from  them  that  the  nerves  are  diftributed 
through  the  whole  body.  Left  the  idea  of  thirteen  brains  might 
be  difagreeable  to  his  readers,  M.  Lyonet  has  called  thele  parts 
ganglions. 

The  fpinal  marrow  in  the  human  fpecies  defcends  down  the 
back,  inclofed  in  a bony  cafe  ; is  large  with  refpeft  to  it’s  length, 
and  not  divided  into  branches,  diminifhing  in  thicknefs  in  pro- 
portion as  it  is  removed  further  from  the  brain.  In  the  caterpillar, 
the  fpinal  marrow  goes  along  the  belly,  is  not  inclofed  in  any 
tube,  is  very  fmall,  forks  out  at  intervals,  and  is  nearly  of  the 
fame  thicknefs  throughout,  except  at  the  ganglions.  For  a de- 
fcription  of  the  innumerable  vefiels,  and  curious  texture  of  thefe 
parts,  we  muft  refer  the  reader  to  M.  Lyonet’s  work.  The  fub- 
ftance  of  the  fpinal  marrow,  and  of  the  ganglions,  is  not  near  fo 
tender  and  eafily  feparated  as  in  man  ; it  has  a very  great  degree 
of  tenacity,  and  does  not  break  without  confiderable  tenfion.  The 
fubftance  of  the  ganglions  differs  from  that  of  the  fpinal  marrow, 
as  no  veffels  can  be  difcovered  in  the  latter,  whereas  the  former 
are  full  of  very  delicate  ones.  The  patient  anatomift  of  the 
taterpillar  has  counted  forty-five  pair  of  nerves,  and  two  fingle 
4 ones ; 
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ones ; fo  that  there  are  ninety-four  principal  nerves,  whofe 
ramifications  are  innumerable. 

The  tracheal  arteries  of  the  caterpillar  are  two  large 
aerial  veflels  that  creep  under  the  fkin,  clofe  to  the  fpiracula,  one 
at  the  right  fide  of  the  infeft,  the  other  at  the  left,  each  of  them 
communicating  with  the  air,  by  means  of  nine  fpiracula;  they 
are  nearly  as  long  as  the  body,  beginning  at  the  firfi;  fpiraculum, 
and  going  a little  farther  than  the  laft,  terminating  in  fome 
branches,  which  extend  to  the  extremities  of  the  body. 

Round  about  each  fpiraculum  the  tracheal  artery  pufhes  forth  a 
great  number  of  branches,  which  are  again  divided  into  fmaller 
ones,  which  further  fubdivide,  and  fpread  through  the  whole 
body  of  the  caterpillar. 

The  tracheal  artery,  and  it’s  numerous  ramifications,  are  all 
open  elaftic  veflels,  which  may  be  prelfed  clofe  together,  or 
drawn  out  confiderably,  but  return  immediately  to  their  ufual  fize 
when  the  tenfion  ceafes.  They  are  naturally  of  a filver  colour, 
and  have  a very  beautiful  appearance  in  the  microfcope. 

This  veflel  and  it’s  principal  branches  are  compofed  of  three 
coats,  which  may  be  feparated  one  from  the  other.  The  exterior 
covering  is  a thick  membrane,  furnifhed  with  a great  number  of 
fibres,  which  defcribe  a vaft  variety  of  circles  round  it,  commu- 
nicating with  each  other  by  numerous  fiioots. 

The  fecond  is  very  thin  and  tranfparent ; no  particular  veflel 
is  diltinguifhed  in  it,  The  third  is  compofed  of  fcaly  threads, 
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which  are  generally  turned  in  a fpiral  form,  and  come  fo  near 
each  other  as  fcarce  to  leave  any  interval ; thefe  threads  are 
curioufly  united  with  the  membrane  which  occupies  the  intervals, 
and  form  a tuoe  which  is  always  open,  notwithftanding  the 
flexure  of  the  veflel.  There  are  alfo  many  other  peculiarities  in 
it’s  ftrufilure,  which  cannot  be  well  explained  without  more  plates. 

The  principal  tracheal  veffels  branch  out  into  236  fmaller  ones, 
from  which  there  fpring  1326  different  ramifications. 

The  part  of  the  caterpillar  which  naturalifts  call  the  heart, 
without  being  certain  that  it  performs  the  fun&ions  thereof,  is 
of  a nature  very  different  from  that  of  larger  animals.  It  is 
almoft  as  long  as  the  caterpillar  itfelf,  lies  immediately  under  the 
fkin  at  the  top  of  the  back,  entering  into  the  head,  and  ter* 
minating  near  the  mouth.  It  is  large  and  fpacious  towards  the 
laft  rings  of  the  body,  and  diminifhes  very  much  as  it  approaches, 
the  head,  from  the  fourth  to  the  twelfth  divifion ; it  has  on  both 
fides,  at  each  divifion,  an  appendage,  which  partly  covers  the 
mufcles  of  the  back ; but  growing  narrower  as  it  approaches  the 
lateral  line,  forms  a number  of  irregular  lozenge-fhaped  bodies. 

This  mufcular  tube  has  been  called  the  heart  of  the  caterpillar ; 
firft,  becaufe  it  is  generally  filled  with  a kind  of  lymph,  which, 
has  been  fuppofed  to  be  the  blood  of  the  caterpillar;  fecondly, 
becaufe  in  all  caterpillars,  whofe  fkin  is  in  fome  degree  tranf- 
parent,  continual,  regular,  and  alternate  dilations  and  contrac- 
tions may  be  perceived  along  the  fuperior  line,  beginning  at  the 
eleventh  ring,  and  going  on  from  ring  to  ring  to  the  fourth, 
whence  this  veffel  has  been  confidered  as  a file  of  hearts ; but 
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ilill  this  vifcera  feems  to  have  very  little  relation  to  the  heart  of 
larger  animals ; we  find  no  veffel  opening  into  it,  to  anfwer  to 
the  aorta,  or  vena  cava,  Sec.  See. 

Near  the  eighth  divifion  are  two  white  oblong  mafTes,  that 
join  the  tube  of  the  heart;  they  have  been  called  reniform 
bodies,  becaufe  they  are  fomething  fimilar  to  a kidney  in  their 
(hape. 

The  corpus  cralTum  is,  with  refpe£l  to  volume,  the  molt  con- 
fiderable  part  of  the  whole  caterpillar  ; it  is  the  firft  and  only  fub- 
Itance  that  is  feen  on  opening  it,  forming  a kind  of  (heath,  which 
envelopes  and  covers  all  the  entrails,  and  introducing  itfelf  into 
the  head,  enters  all  the  mufcles  of  the  body,  filling  the  greateft 
part  of  the  empty  fpaces  in  the  caterpillar.  It  is  of  a milk-white 
colour.  In  it’s  configuration  it  is  very  fimilar  to  the  human 
brain. 

When  the  different  mafTes  of  the  corpus  craffum  which  covers 
the  entrails  are  removed,  the  largeft  parts  are  the  oefophagus,  the 
ventricle,  and  the  large  inteflines. 

The  oefophagus  defeends  from  the  bottom  of  the  mouth  to 
about  the  fourth  divifion.  The  anterior  part  which  is  in  the  head 
is  llefhy,  narrow,  and  fixed  by  different  mufcles  to  the  cruftaceous 
parts  thereof ; the  lower,  part,  which  paffes  into  the  body,  is 
wider,  and  forms  a kind  of  membranaceous  bag,  which  is  covered 
with  very  fmall  mufcles ; near  the  ftomach  it  is  again  narrower, 
and  is  as  it  were  bridled  by  a flrong  nerve,  which  is  fixed  to  it  at 
diflant  intervals. 
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The  ventricle  begins  a little  above  the  fourth  divifion,  where 
the  oefophagus  finilhes,  and  terminates  at  the  tenth  divifion ; it  is 
about  feven  times  longer  than  it  is  broad ; the  anterior  part, 
which  is  the  broadeff,  is  generally  folded. 

The  folds  diminifh  with  the  bulk,  in  proportion  as  it  ap- 
proaches the  inteftines.  A great  quantity  of  nerves  cover  the 
furface,  it  is  furrounded  by  a number  of  aerial  veffels,  and  opens 
into  a tube,  which  M.  Lyonet  calls  the  large  intefline.  There 
are  three  of  thefe  large  tubes,  each  of  which  differs  from  the  others 
fo  much,  both  in  ftrudlure  and  character,  as  to  require  a par- 
ticular name  to  diffinguifh  them  ; though  this  is  not  the  place  to 
enumerate  thefe  charadteriftic  differences. 

As  molt  caterpillars  are  endowed  with  a power,  or  faculty,  of 
fpinning,  they  are  provided  with  two  veffels  where  the  fubflance 
is  prepared,  which,  when  drawn  out,  and  extended  in  the  air, 
becomes  a fdken  thread ; thefe  two  veffels  are  termed  the  filk 
veffels,  or  tubes  ; in  the  coffus  they  are  often  above  three  inches 
long,  and  are  diftinguifhed  into  three  parts,  the  anterior,  the  in- 
termediate, and  pofferior.  The  coffus  has  alfo  two  other  veffels, 
which  are  fuppofed  to  prepare  and  contain  the  liquor  by  which 
it  diffolves  the  wood  on  which  it  feeds.  Thus  have  we  endea- 
voured to  give  the  reader  an  idea  of  the  wonderful  organization 
of  this  apparently  imperfedi  animal.  Affuredly,  the  4000  * muf- 
cles  employed  in  the  conftrudlion  of  the  coffus  cannot  be 
confidered  without  the  deepeft  affonifhment ! their  admirable  co- 
ordination and  jundlion  with  other  parts  equally  numerous,  yet 
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all  harmonizing  and  abting  together  as  if  they  were  effientially 
one,  naturally  lead  the  mind  to  confider  the  nature  and  perfec- 
tion of  the  theatre  of  creation  ; and  to  perceive  that  it  is  an 
exhibition  of  the  higheft  wifdom,  and  that  this  wifdom,  which  in 
the  minuteft  things  gives  evidence  of  fuch  an  immenfe  attention 
to  order  and  ufe,  has,  no  doubt,  framed  the  whole  for  fome 
great  purpofe  ; but  what  that  purpofe  is,  we  (hall  find  it  difficult 
to  difcover. 

Though  there  is  no  doubt  that  even  this  difficulty  may  be  re- 
moved, when  mankind  begin  to  confider  the  univerfe  as  one  con- 
nebled  whole,  manifefting  and  reprefenting  the  abtion  of  an  all- 
beneficent  Creator  on  his  creatures,  according  to  the  feveral  de- 
grees in  which  they  are  capable  of  receiving  and  difplaying  this 
ablion  ; or,  in  other  words,  that  this  tranfitory  fcene  is  the 
ultimate  refult  of  the  {fate  of  purity,  or  error  of  thofe  intelligences 
which  abf  thereon.  But  it  would  lead  us  too  far  from  the  fubjebf 
in  hand,  to  enter  into  a difcuffion  of  this  truly  interefting  fubjebt. 
We  muft,  therefore,  content  ourfelves  with  recommending  the 
reader  to  ftudy  nature  ; with  the  fcriptures  in  his  hand,  he  may 
be  allured  that  he  will  not  only  find  that  they  perfeblly  agree 
with  each  other ; but  he  will  alfo  find,  upon  an  attentive  com- 
panfon  of  paffiages  of  fcripture  with  each  other,  that  thofe  parts 
which  he  may  have  hitherto  only  confidered  as  pleafing  figures, 
defcriptive  imagery,  and  perhaps  as  the  fublime  and  beautiful  of 
eloquence,  have  a more  diftinbl  and  clofe  connexion  with  the 
fublime  and  beautiful  of  nature  ; that  they  point  out  the  natural,  - 
anatomical,  and  phyfical  relation  of  the  various  parts  of  animated 
nature  with  man,  and  of  man  with  fuperior  intelligences. 
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He  would  find  that  this  knowledge  was  not  founded  upon  the 
tefiimony  of  a few  obfeure  paflages,  but  that  every  word  of  the 
facred  writings,  when  properly  compared  with  others,  will 
evince  that  they  proceeded  from  the  infinite  fource  of  wif- 
dom,  and  contain  fuch  treafures  from  that  fountain,  as  furpafs  the 
utmoft  effort  of  human  ability  to  fathom  ; and  yet  that  enough  is 
laid  open  to  fatisfy  every  real  inquirer  after  tr-uth. 

The  following  character  of  Mr.  Lyonet’s  work,  by  M.  Bonnet, 
cannot,  I think,  but  prove  agreeable  to  the  reader.  I give  it  m 
the  original,  as  I am  perfuaded  it  would  lofe  much  of  it’s  genuine 
force  by  a tranflation. 

Je  propoferai  ici  pour  rnodele  a tous  les  anatomifles,  ce  celebre 
ferutateur  de  la  nature  a la  fagacite  Sc  au  burin  duquel  nous 
devons  le  merveilleux  Traite  Anatomique  de  la  chenille ; ouvrage 
immortel  dont  nous  n’avions  pas  meme  foupconne  la  poflibilite. 
Sc  que  je  regarde  comme la  plus  belle  preuve  de  fait  de  lexiflence 
dune  premiere  cause  intelligente.  Avec  quel  plaifir  & 
quel  ettonnement  ne  lit-on  point  ces  mots  a la  page  xiii.  de  la 
Preface : “ Comme  je  ne  me  fuis  propofe  de  publier  qu’un  fimple 
“ Traite  d Anatomie,  Ton  ne  doit  pas  s’attendre  a trouver  ici  de 
“ grand  details  phyfiologiques  ; cette  partie,  fi  pleine  d ’incer- 
“ titudes,  pour  etre  expofee  comme  il  faut,  auroit  exige  nombre 
" d’experiences,  que  la  repugnance  que  j’ai  a faire  fouffrir  les 
“ animaux,  ne  m’a  pas  permis  de  tenter ; repugnance,  qui  eft 
“ meme  alle  fi  loin,  que  j’ai  ufe  de  la  plus  grande  epargne  par 
“ rapport  a mes  fujets,  & que  je  ne  crois  point  que  tout  ce  traite 
u ait  coute  la  vie  a plus  de  huit  ou  neuf  chenilles.  Encore  ai-je 
6 “ eu 
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u eu  toujours  foin  de  les  noyer  dans  de  l’eau  avant que  de  les 
u ouvrir.”  Si  Gelon  ftipuloit  pour  l’humanite.*  Ouand  il  in- 
terdifoit  aux  Carthaginois  vaincus,  les  facrifices  humains ; 
Lyonet  ftipuloit  pour  l’animalite  quand  il  tracoit  ainfi  les  de- 
voirs de  l’anatomifte,  en  fe  peignant  ft  naivement  lui-meme. 


Description  of  Fig.  i,  Plate  XIII. 

Of  the  Lepas  Anatifera,  or  Barnacle. 

This  is  a very  peculiar  fpecies  of  fliell-fifh  ; the  fhell  is  not 
compofed  of  two  pieces,  or  valves,  as  is  the  ufual  cafe,  but  of 
five ; two  of  thefe  are  larger  than  the  reft,  to  which  are  affixed 
two  fmaller  ones ; the  fifth  piece  is  long,  (lender,  and  crooked, 
running  down  lengthways,  and  covering  the  joinings  of  the  other 
pieces.  It  is  a tender  and  brittle  fnell-fiffi,  in  length  about  an 
inch,  it's  diameter  about  three  quarters  of  an  inch.  The  ffiell 
part  is  of  a pale  red,  variegated  with  white  ; it  adheres  to  a neck, 
or  pedicle,  of  an  inch  long,  and  about  a fifth  of  an  inch  in 
diameter ; by  which  means  it  is  affixed  to  old  wood,  to  ftones, 
and  fea  plants,  or  any  other  folid  fubftance  that  lies  under  water. 
It  can  fhorten  or  extend  this  neck  at  pleafure,  which  refembles  a 
fmall  gut,  and  is  ufually  full  of  a glarious  liquor  ; it  is  compofed 
of  two  membranes,  an  external  one,  hard  and  broxtn,  an  internal 
one,  foft,  and  of  an  orange  colour.  The  larger  portions  of  the 
(hell  open  and  fhut  in  the  manner  of  the  bivalves ; the  others, 
being  moveable  by  means  of  their  membranous  attachments,  give 
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way  to  the  opening  of  thefe,  and  to  the  motions  of  the  body  of 
the  fifti,  in  any  direction.  It  is  furnifhed  with  a duller  of  fila- 
ments, placed  in  a row  on  each  fide,  fometimes  fourteen  in  num- 
ber. They  are  a kind  of  arms,  appropriated  for  catching  it’s 
prey,  and  therefore  placed  fo  as  to  furround  the  mouth  of  the 
animal,  which  is  fituated  between  them,  and  confequently  eafily 
receives  what  they  thrufl  towards  it.  By  the  motion  of  thefe 
arms,  which  may  be  exerted  in  fuch  a manner,  as  to  play  either 
within  or  without  the  cavity  of  the  fhell,  it  forms  a current  of 
water,  which  brings  with  it  the  prey  they  feed  upon.  Fig.  i, 
Plate  XIII.  reprefents  two  of  thefe  arms,  or  horns,  as  feen  with 
the  microfcope.  Fig.  2 reprefents  the  natural  fize  of  thofe  from 
which  thefe  drawings  were  made.  Each  horn  confifls  of  feveral 
joints,  and  each  joint  is  furnifhed  on  the  concave  fide  of  the  arm 
with  a brufh  of  long  hairs.  The  arms,  when  viewed  in  the 
microfcope,  feem  rather  opake ; but  they  may  be  rendered  tranf- 
parent,  and  form  a moft  beautiful  objed,  by  extrading  out  of 
the  interior  cavity  a bundle  of  longitudinal  fibres,  which  runs  the 
whole  length  of  the  arm.  Mr.  Needham  * thinks  the  motion  and 
ufe  of  thefe  arms  illuflrates  the  nature  of  that  rotatory  motion, 
which  fome  writers  have  thought  they  difcovered  in  the  wheel 
animal. 

In  the  midfl  of  the  arms  is  a hollow  trunk,  confifling  of  a 
jointed  hairy  tube,  which  inclofes  a long  round  tongue,  that  the 
animal  can  pufh  occafionally  out  of  the  tube  or  fheath,  and  re- 
trad  at  pleafure.  The  mouth  of  this  animal  is  lingular  in  it’s 
kind,  confifling  of  fix  laminae,  which  go  off  with  a bend,  in- 
dented 
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dented  like  a faw  on  the  convex  edge,  and  by  their  circular 
difpofition  are  fo  ranged,  that  the  teeth  in  the  alternate  elevation 
and  deprelhon  of  each  plate  aft  againfl  whatever  intervenes 
between  them.  The  plates  are  placed  together  in  fuch  a manner, 
that  to  the  naked  eye  they  form  an  aperture  not  much  unlike  the 
mouth  of  a contrafted  purfe. 

The  weftern  ifles  of  Scotland,  and  fome  other  parts  of  the 
Britifh  dominions,  are  abundantly  ftored,  at  certain  tinres  of  the 
year,  with  a bird  of  the  goofe  kind,  commonly  known  in  thole 
places  by  the  name  of  the  brent  goofe,  or  barnacle.  Thefe 
birds  rarely  breed  with  us,  but  feek  for  their  fitting  feafon  iflands 
lefs  frequented  than  thofe  where  we  find  them  in  common.  The 
feeing  the  birds  fo  frequent,  and  yet  never  finding  any  of  their 
nefis,  induced  ignorant  people  to  believe  they  never  had  any,  and 
that  they  wrere  not  bred  like  other  birds. 

About  the  very  fhores  where  thefe  birds  are  mod  common,  the 
lepas  anatifera  is  alfo  found  in  great  abundance.  The  filhermen, 
who  obferved  great  quantities  of  thefe  {hells  affixed  to  rotten 
wood,  or  dead  trees,  that  were  floating  in  the  water,  or  lodged 
by  it  on  the  fhore,  were  foon  led  to  imagine  that  the  filamentous 
fubfiances  which  hung  out  of  them  refembled  feathers,  and  per- 
fuaded  themfelves  that  the  geefe,  whole  origin  they  could  before 
by  no  means  make  out,  were  bred  from  them,  inflead  of  being 
hatched,  like  other  birds,  from  eggs.*  It  was  afterwards  affirmed, 
that  the  fhells  themfelves  originally  grew  on  the  trees,  in  (he 
manner  of  their  fruit : and  from  this  arofe  the  opinion  that  the 
barnacle,  or  brent  goofe,  was  the  produce  of  a tree. 

Xx  Of 
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Of  the  Proboscis  of  the  Bee,  Fig.  3 and  4,  Plate  XIIL 


The  more  we  penetrate  into  the  hidden  receffes  and  internal 
parts  of  nature,  the  more  we  find  it  marked  with  perfeClion  in 
form  and  defign.  This  pofition  is  fo  clearly  proved  in  the  little 
apparatus  we  are  now  about  to  defcribe,  that  Swammerdam,* 
fpeaking  of  it,  fays,  that  he  cannot  refrain  from  confeffing,  to 
the  glory  of  the  immenfe  and  incomprehenfible  Architect,  that 
he  had  but  very  imperfectly  aefcribed  and  reprefented  this  little 
apparatus  ; for  to  reprefent  it  to  the  life  in  it’s  full  perfection,  as 
truly  molt  perfeCl  it  is,  far  exceeds  the  utmoft  efforts  of  human, 
knowledge.. 

Soon  as  the  matin  glory  gilds  the  fkies. 

Behold  the  little  virtuofi  rife  ! 

Blithe  for  the  talk,  they  preen  their  early  wing,. 

And  forth  to  each  appointed  labour  fpring. 

Now  nature  boon  exhales  the  morning  fleam, 

And  glows  and  opens  to  the  welcome  beam  ; 

The  vivid  tribes  amid  the  fragrance  fly. 

And  ev’ry  art,  and  ev’ry  bufinefs  ply. 

Each  chymifl  now  his  fubtle  trunk  unfheathes. 

Wherefrom  the  flower  the  treafur’d  odour  breathes.;. 

Here  fip  the  liquid,  there  feleft  the  gum* 

And  o’er  the  bloom  with  quiv’ring  membrane  hum*. 

Still  with  judicious  fcrutiny  they  pry. 

Where  lodg’d  the  prime  effential  juices  lie ; 

Each  lufcious  vegetation  wide  explore, 

Plunder  the  fpring  of  every  vital  flore: 

THa 
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The  dainty  fuckle,  and  the  fragrant  thyme, 

By  chymical  redu&ion,  they  fublime. 

Their  fweets  with  bland  attempering  fublion  ft  rain. 

And  curious  thro’  their  neat  alembicks  drain ; 

Imbib’d  reclufe,  the  pure  fecretions  glide. 

And  vital  warmth  concofts  th’  ambroftal  tide. 

. Brooke. 

By  the  probofcis,  or  trunk,  the  bee  not  only  procures  itfelf 
neceft’ary  fubfiftence,  but  it  is  alio  employed  by  the  animal  to  col- 
lect the  honey,  which  we  appropriate  to  ourfelves  as  if  it  was 
made  for  us.  It  may  be  confidered  in  a general  view  as  confid- 
ing of  feven  pieces ; one  of  thefe,  i i,  be,  Fig.  3,  Plate  XIII. 
is  placed  in  the  middle ; this  is  fuppofed  to  be  pervious,  and  to 
conftitute  what  may  be  properly  called  the  probofcis.  The  other 
fix  fmaller  parts,  or  {heaths,  difpofed  in  three  pairs,  are  placed 
on  each  fide  the  former.  They  not  only  affift  it  in  extracting  and 
gathering  the  honey  from  the  flowers,  but  they  alfo  protect  and 
ftrengthen  it.  The  probofcis  (i  i,  b c)  itfelf  is  very  curioully 
divided  ; the  diviftons  are  elegant  and  regular,  and  are  befet  all 
round  with  briftly  triangular  hairs,  diftributed  in  an  elegant  order  : 
thefe  diviftons,  though  very  numerous,  appear  at  ftrft  fight  as  a 
number  of  different  articulations. 

The  two  pieces  a a of  the  exterior  ftieath  are  of  a fubftance 
partly  between  bone  and  horn,  and  partly  membranaceous  ; they 
are  fet  round  with  hairs,  and  are  furnifhed  with  air  veftels,  which 
are  diftributed  through  their  whole  texture  ; the  upper  ends  £f 
of  this  (heath  appear  to  be  a little  bent,  but  can  be  ftraitened  by 
the  bee  when  they  are  applied  to  the  probofcis.  At  dd  are  two 
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articulations,  by  means  of  which  the  pieces  a a may  be  occafion- 
ally  bent.  The  joints  contribute  towards  bending  the  probofcis 
downwards,  or  rather  underneath,  againfi:  the  head.  Thefe 
(heaths,  together  with  the  two  interior  ones  e e,  afiifi:  in  defend- 
ing, covering,  and  protecting  it  from  injuries  : it  is  alfo  probable 
that  they  forward  the  defcent  of  the  honey,  by  prefling  the  pro- 
bofcis.  The  parts  k k of  this  (heath  have  been  called  by  fome 
writers  the  root. 

The  two  parts  e e of  the  interior  (heath  are  placed  higher  than 
thofe  of  the  exterior  one  ; they  originate  at  g g on  the  probofcis  it- 
felf,  and  near  that  part,  or  articulation,  by  which  the  bee  can  upon 
occafion  bend  the  probofcis ; this  (heath,  therefore,  always  moves 
with  the  middle  part  i i,  and  is  carried  forward  by  it,  the  exterior 
(heath  being  left  behind,  becaufe  it’s  attachments  and  origin  are 
below  that  of  the  probofcis.  The  pieces  e e are  very  fimilar  in 
ftruCture  to  thofe  of  a a,  only  that  each  of  them  has  on  the  upper 
part  three  joints  ; the  lower  one  is  much  longer  than  the  other 
two ; they  are  all  of  them  furrounded  with  fhort  hairs.  The 
fmaller  articulated  pieces  never  lie  clofe  to  the  probofcis,  nor  cover 
it,  but  are  only  placed  near  it,  the  two  upper  joints  proje&ing 
outwards,  as  in  this  figure,  even  when  the  whole  apparatus  is  (hut 
up  as  much  as  poffible.  Swammerdam  thinks  thefe  joints  are  of 
edential  ufe  to  the  bee,  afting  as  it  were  in  the  manner  of  fingers, 
and  affift  the  probofcis,  by  opening  the  leaves  of  the  flowers,  and 
removing  other  obfiruftions  from  it : or  like  the  two  fore  feet  of 
the  mole,  by  the  help  of  which  it  pufhes  the  earth  from  the  fides 
both  ways,  that  it  may  be  able  with  it’s  (harp  trunk  to  fearch  for 
it’s  food  more  conveniently.  There  are  two  fmaller  pieces,  or 
4 (heaths. 
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{heaths,  m m,  near  the  bottom  of  the  probofcis';  thefe  cannot  be 
well  fcen  without  removing  the  (heath  e e. 

The  probofcis  is  partly  membranaceous,  and  partly  of  a griflly 
nature;  the  lower  part  is  formed  in  fuch  a manner,  that  it  will 
{well  out  confiderably,  by  which  means  the  internal  cavity  may 
be  prodigioudy  enlarged,  and  rendered  capable  of  receiving  a 
very  large  quantity  of  native  and  undigefted  honey,  and  larger 
than  might  be  expended  from  it’s  fize.  When  the  probofcis  is 
{hut  up  and  inaflive,  it  is  very  much  flattened,  and  is  three  or 
four  times  broader  than  it  is  thick.  The  edges  are  always  round  ; 
it  grows  tapering,  though  very  gradually,  towards  the  extremity. 
The  lower  and  membranaceous  part  of  the  trunk  has  no  hair  on 
it,  but  is  covered  with  little  protuberant  tranfparent  pimples, 
that  are  placed  in  regular  order,  and  at  equal  diftances  from  each 
other,  refembling  the  little  rifings  obfervable  on  the  (kin  of  birds 
when  the  feathers  have  been  plucked  off.  They  are  probably 
glandules,  and  may  have  a confiderable  fhare  in  changing  or  pre- 
paring the  honey  that  is  fwallowed  or  taken  up  by  the  probofcis. 
Down  the  middle  of  the  probofcis  there  is  a tube  of  a much  harder 
nature  than  the  Tides,  it  grows  gradually  fmaller  towards  the  top; 
at  this  place  the  probofcis  is  very  thick  fet  with  fmall  hairs ; whe- 
ther they  are  open  tubes,  or  whether  they  only  ferve  as  fo  many 
claws,  to  keep  it  in  it’s  proper  place  while  in  aflion,  has  not  been 
determined. 

The  probofcis  terminates  in  a fmall  cylinder  c,  at  the  top  of 
which  there  is  a little  globule,  or  nipple;  the  circumference  of 
the  upper  part  of  this  cylinder  is  befet  with  hairs,  which  radiate 
from  it ; the  bee  can  contraft  this  cylindrical  part,  and  the  little 

- membrane. 


366' 


Microscopical  Essays. 


membrane,  in  which  the  hairs  are  fixed,  into  a much  fmaller 
compafs,  and  draw  it  inwards. 

The  probofcis  is  not  cylindrical,  but  rather  a kind  of  convex 
blade,  terminating  nearly  in  a point;  and  the  fheaths  are  fo  con- 
trived as  to  cover  little  more  than  the  upper  part  of  it ; they  are 
a kind  of  angular  groove,  of  which  the  upper  fide  is  the  broadeft. 
The  exterior  fheaths  lap  over  each  other  on  the  upper  part,  fo 
that  the  outfide  of  the  probofcis  is  prote&ed  by  a very  flrong 
double  cafe,  a covering  that  was  unneceflary  for  the  under  part ; 
becaufe  when  this  inftrument  is  in  ufe  the  fheaths  are  opened,  but 
when  it  is  inactive  it  is  fo  folded  that  the  under  part  is  protected 
by  the  body  of  the  bee.  Within  fide  the  exterior  fiieath,  and 
near  the  bottom  q,  are  two  levers,  which  are  fixed  to  the  end  of 
the  probofcis,  and  by  which  it  is  raifed  and  lowered. 

If  a bee  is  attentively  obferved  when  it  has  placed  itfelf  upon  a 
full-blown  flower,  the  adlivity  and  addrefs  with  which  it  ufes  this 
apparatus  will  be  very  confpicuous.  It  lengthens  the  end  of  it, 
and  applies  it  to  the  bottom  of  the  petals,  or  leaves,  of  the  flower, 
moving  it  continually  in  ten  thoufand  different  ways,  lengthening 
and  fhortening  it,  bending  and  turning  it  in  all  pofhble  dirediions, 
to  adapt  it  to  the  form  of  the  leaves  of  the  flower.  Thefe  various 
movements  are  executed  with  a promptitude  that  furpaffes  all 
defcription. 

Mr.  Swammerdam  thinks  that  the  honey  is,  as  it  were,  pumped 
or  fucked  up  by  the  bee  through  the  hole  at  the  end  b of  the  pro- 
bofcis ; he  does  not  feem  to  have  difcovered  the  apertures  which 
are  on  the  cylindrical  part,  near  the  end  b. 
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M.  Reaumur  thinks  it  is  ufed  as  a tongue  to  lap  up  the  fluid 
which  is  conveyed  down  between  the  (heath  to  the  mouth  of  the 
bee.  To  prove  this,  he  placed  a bee  in  a glafs  tube,  the  infide  of 
which  was  rubbed  over  with  honey,  and  little  pieces  thereof  pla- 
ced in  different  parts  ; he  obferved  the  trunk  lying  on  the  honey, 
the  end  thereof  being  (tretched  beyond  the  honeyed  heap  ; (lie 
bends  it  into  the  form  of  a bow,  and  inferts  the  mod  convex  part 
of  this  bow  into  the  liquor,  and  then  rubs  the  glafs  backwards 
and  forwards  with  the  fame  fide  of  the  probofcis,  fo  as  very  foon 
to  clean  that  part  of  the  glafs  to  which  (Ire  applies  it.  It  is  after- 
wards conveyed  to  the  throat  by  the  various  vermicular  motions 
of  the  probofcis.  Thofe  who  wifh  for  a fuller  account  of  this 
curious  apparatus,  will  do  well  to  confult  the  interefting  memoirs 
of  M.  de  Reaumur,  who  has,  with  a wonderful  fagacity,  diff 
covered  the  principal  fprings  of  this  affoniflfing  machine.  He  has 
there  defcribed  more  than  twenty  parts  of  which  it  is  made,  and 
almoff  given  a complete  anatomy  of  this  little  organ.  Like  a. 
workman  who  takes  to  pieces  a watch  which  he  himfelf  has 
made,  he  lays  before  us  the  feveral  pieces,  makes  us  remark  their 
fitnefs,  their  adjuflment,  their  ufes,  the  play  of  their  fprings, 
pivots,  and  pillars ; for  all  the fe  parts,  and  many  more,  are  to  be 
found  in  the  probofcis  of  the  bee.. 

Or  the  Wings-  of  Insects. 

The  attentive  obferver  will  find  a very  pleafing  variety  of  ob~ 
je£ls  in  the  wings  of  different  infefts.  The  beauty  of  their 
colours,  the  delicacy  of  their  ftrufture,  the  art  with  which  they 
are  conne&ed  to  the  body,  the  curious  manner  in  which  fome  are 
folded  up,  the  admirable  texture  of  their  joints,  imprefs  on  the 

mind 
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mind  a deep  fenfe  of  that  wifdom,  which  is  manifefted  in  fuch 
various  ways  through  the  whole  works  of  creation. 

The  delicate  tranfparent  wings  of  many  infers  are  covered  and 
protected  by  elytra,  or  cafes,  which  alfo  in  fome  meafure  a£t  as 
wings. — Thefe 

“ A two  fold  apparatus  fiiare. 

Natives  of  earth,  and  habitants  of  air; 

Like  warriors  ftride,  opprefs’d  with  fhining  mail. 

But  furl’d  beneath  their  filken  pennons  veil : 

Deceiv’d,  our  fellow  reptile  we  admire. 

His  bright  endorfement,  and  compaft  attire  ; 

When  lo ! the  latent  fprings  of  motion  play, 

And  rifing  lids  difclofe  the  rich  inlay  ; 

The  tiffued  wing-  it’s  folded  membrane  frees, 

And  with  blithe  quavers  fans  the  gathering  breeze.* 

The  exterior  cafes  are  harder  and  more  opake  than  the  under 
ones ; they  are  generally  highly  polifhed,  and  often  enriched 
with  various  colours,  adorned  with  ornamental  flutings,  and 
fludded  with  brilliants.  All  thefe  ornaments  are  united  in  the 
curculio  imperialis  + (or  diamond  beetle),  one  of  the  molt 
refplendent  creatures  in  nature ; the  head,  the  wings,  the  legs, 
&c.  are  curioufly  befet  with  fcales  of  a moll  brilliant  view,  out- 
vying the  ruby,  faphire,  and  emerald.  It  is  faid,  that  in  the 
Brazils,  from  whence  they  come,  it  is  alrnoft  impoffible  to  look  at 

them 

* Brooke’s  Univerfal  Beauty. 

t Fabricius  Spec.  Inf.  184.  129.— Drury*  Inf.  2 Tab.  33,  Fig.  1, 
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them  on  a funny  day,  when  they  are  flying  in  little  fwarms,  fo 
great  is  the  glowing  glory  of  their  heightened  colours. 

The  ftrength  and  hardnefs  of  the  elytra  are  admirably  adapted 
to  the  various  purpofes  of  the  infedh  to  which  they  are  appro- 
priated, and  at  the  fame  time  that  they  protedl  the  tender  wing, 
they  ferve  as  a fliield  to  the  body;  the  ribs,  and  other  prominen- 
cies, on  many  of  them,  contribute  to  leffen  the  -fridlion,  and 
diminifh  the  p refill  re  to  which  they  are  often  expoled. 

In  molt  of  thefe  infedls  the  under  wing  is  longer  and  larger 
than  the  exterior  one,  fo  that  it  is  obliged  to  be  bent  and  folded 
up,  inorderto  lie  under  the  elytra ; for  this  purpofe  they  are 
furnifhed  with  ftrong  mufcles,  and  proper  articulations,  to  difplay 
and  conceal  them  at  pleafure.  Fig.  2,  Plate  XIV.  reprefents  the 
wing  of  the  earwig  * when  unfolded,  and  of  it’s  natural  fize. 
Fig.  1 reprefents  it  as  exhibited  by  the  microfcope.  We  fhall 
deferibe  this  more  particularly  hereafter. 

We  have  already  treated  of  thofe  decided  differences  in  the 
wings  of  infedls,  which  aflill  the  natural  hiftorian  in  ranging 
them  into  clafles ; fo  infinite  are  the  varieties  to  be  obferved  in 
this  curious  organ,  that  only  to  enumerate  them  would  occupy 
many  pages ; wd  muft,  therefore,  content  ourfelves  with  a few 
general  remarks,  leaving  it  to  fome  future  writer  to  difplay  the 
wonders  that  are  manifefted  in  their  difpofition,  firudlure,  mo- 
tions, and  ornaments.  In  general,  the  wings  are  delicate  and 
yet  ftrong,  fu milked  with  ribs,  or  nerves,  curioully  inofculated 

Y y together, 


* ForficuJa  auricularia,  Lin.  Syfl.  Na.  vol  1,  part  2,  686-1. 
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together,  fo  as  to  ftrengthen  and  convey  nourifhment  to  the 
feveral  parts  of  the  wing,  while  by  the  diverfity  of  their  ramifica- 
tions they  add  to  it’s  beauty ; many  have  their  wings  fortified 
with  briftly  hairs,  which  they  can  erect  at  pleafure,  Plate  XV. 
Fig.  i. 

The  wings  of  the  moth  and  butterfly  are  moftly  farinaceous, 
being  covered  with  a fine  dult,  which  renders  them  opake,  and 
is  alfo  the  caufe  of  thofe  beautiful  and  variegated  colours  which 
fo  richly  adorn  them,  that 

“ Not  all  the  {hew  and  mockery  of  ft  ate. 

The  little,  low,  fine  follies  of  the  great ; 

Not  all  the  wealth  which  eaftern  pageants  wore. 

What  {fill  our  idolizing  worlds  adore. 

Can  boaft  the  leaft  inimitable  grace 
Which  decks  profufive  this  illuftrious  race.” 

Ever  ftnce  the  microfcope  was  invented,  this  duft  has  engaged 
the  attention  of  the  microfcopic  obferver.  For  by  this  inftru- 
ment  it  is  found  to  be  a regular  aflemblage  of  organized  fcales^ 
of  various  fhapes  and  colours,  fome  long  and  (lender,  fome  fhort 
and  broad,  fome  notched  at  the  edges,  others  finooth,  generally 
furnifhed  with  a kind  of  foot  ftalk,  by  which  they  are  fixed  to 
the  wing,  fee  Fig.  E F H I,  of  Plate  XVI.  Their  fhapes  are  not 
only  very  different  in  moths  of  various  fpecies,  but  of  thofe  on 
the  fame  moth  fome  will  be  found  to  be  nearly  oval,  while  others 
are  triangular ; a variety  of  large  ftripes,  or  ribs,  are  to  be  dif- 
covered  in  thefe  fcales,  and  between  thefe  larger  ramifications 
minuter  lines  may  be  feen  ; the  larger  ftripes  feem  in  general  to 
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rife  from  the  exterior  notches  ; fome  of  thefe  fcales,  or  plates, 
are  to  be  found  fo  exceedingly  bender,  that  it  is  not  eafy  to  dif- 
criminate  them  from  hairs  by  the  naked  eye.  The  regular 
arrangement  of  thefe  plates,  one  befide,  and  partly  covering  the 
other,  as  in  the  tiling  of  a houfe,  is  bell  feen  by  examining  the 
wing  in  the  opake  microfcope.  The  prodigious  number  of  final! 
fcales  which  cover  the  wings  of  thefe  beautiful  infefts,  is  a fure 
proof  of  their  utility  to  them,  becaufe  they  are  given  by  him 
who  makes  nothing  in  vain. 

That  the  lively  and  variegated  colours  which  adorn  the  wings 
of  the  moth  and  butterfly  arife  from  the  fmall  fcales,  or  plates, 
that  are  planted  therein,  is  very  evident  from  this,  that  if  they 
are  bruflied  off  from  it,  the  wing  is  perfe&ly  tranfparent ; but 
whence  this  prof  ufion  and  difference  of  colour  on  the  fame  wing  ? 
is  a queflion  as  difficult  to  refolve  as  that  of  Prior,  when  he 
afks, 

“ Why  does  one  climate  and  one  foil  endue 

The  bluffiing  poppy  with  a crimfon  hue,  > 

Yet  leave  the  lilly  pale, and  tinge  the  violet  blue?’5  j 

The  materials  of  the  wings  under  thefe  plates  feem  to  be  of  a 
talcv  nature  ; the  wing  is  flrengthened  by  feveral  nerves,  or 
ribs,  which  run  through  it ; the  largeft  fortifies  the  exterior  edge 
of  the  wing,  while  a fmaller  one  ffrengthens  the  interior  edge. 
When  the  moth  immerges  from  the  chryfal  is,  the  wings  are  foft 
and  thick,  and  if  they  are  examined  at  that  time,  they  will  be  ‘ 
found  to  confiff  of  two  membranes,  which  may  be  raifed  up,  and 
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then  feparated,  by  blowing  between  them  with  a Email  tube,. 
The  veflels,  or  ribs,  lie  between  thefe  {kins. 

As  the  wings  of  the  moth  and  butterfly  are  light,  they  can  fup- 
port  themfelves  for  a long  time  in  the  air  ; their  manner  of  flying 
is  ungraceful,  mounting  and  defcending  alternately,  fo  that  they 
generally  move  in  a zigzag  line,  to  the  right  and  to  the  left,  up 
and  down ; by  this  means  they  often  efcape  the  birds  who  chace 
them,  as  this  undulating  motion  difappoints  them  in  their  aim  : 
hence  they  often  may  be  feen  to  purfue  a butterfly  in  vain  for  a. 
confiderable  time. 

Dr.  Hooke  * endeavoured  to  invedigate  the  nature  of  the  mo- 
tions of  the  wings  of  infedfs  ; and  although  he  was  not  able,  from 
the  experiments  he  made,  to  give  a fatisfadfory  account  of  them, 
yet  as  they  may  be  ufeful  to  fome  future  inquirer,  and  lead  him 
more  readily  into  the  path  of  truth,  I hope  an  extradl  therefrom 
will  not  prove  unacceptable  to  the  reader.  To  invefligate  the 
mode  or  manner  of  moving  their  wings,  he  confidered  with  at- 
tention thofe  fpinning  infedls  that  fufpend,  or  as  it  were  poife 
themfelves,  in  one  place  in  the  air,  without  rifmg  or  falling,  or 
even  moving  backwards  or  forwards ; by  looking  down  on  thefe 
he  could,  by  a kind  of  faint  fhadow,  perceive  the  utmofl  extremes 
of  the  vibratory  motion  of  their  wings ; the  fhadow,  while  they 
were  thus  fufpended,  was  not  very  long,  but  was  lengthened  when 
they  endeavoured  to  fly  forwards.  He  next  tried,  by  fixing  the' 
legs  of  a fly  upon  the  top  of  the  ftalk  of  a feather,  with  glue, 
wax,  See.  and  then  making  it  endeavour  to  fly  away ; he  was 

thereby 
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thereby  able  to  view  it  in  any  pofture.  From  hence  he  collefted, 
that  the  extreme  limits  of  the  vibrations  were  ufually  fomewhat 
about  the  length  of  the  body  diftant  from  each  other,  often 
fhorter,  and  fometimes  longer.  The  foremoft  limit,  was  generally 
a little  above  the  back,  and  the  hinder  one  fomewhat  beneath  the 
belly ; between  thefe,  to  judge  by  the  found,  they  feerned  to 
move  with  an  equal  velocity.  The  manner  of  their  moving 
them,  if  a juft  idea  can  be  formed  by  the  fhadow  of  the  wing,  and 
a confideration  of  it’s  nature  and  ft  ru  flu  re,  feemed  to  be  this : 
the  wing  being  fuppofed  to  be  in  the  extreme  limit,  it  is  then 
nearly  horizontal,  the  fore  part  only  being  a little  deprefted  ; in 
this  lituation  the  wing  moves  to  the  lower  limit ; before  it  arrives 
at  this,  the  hinder  part  begins  to  move  fafteft ; the  area  of  the 
wing  begins  to  dip  behind,  and  in  that  pofture  it  feems  to  be 
moved  to  the  upper  limit  back  again.  Thefe  vibrations  (judging 
by  the  found,  and  comparing  them  with  a firing  tuned  in  unifon 
thereto)  confift  of  many  hundreds,  if  not  thoufands,  in  a fecond 
of  time.  The  powers  of  the  governing  faculty  of  the  infefl,  and 
the  vivacity  of  it’s  fenfations,  whereby  every  organ  is  ftimulated 
to  afl  with  fo  much  velocity  and  regularity,  furpafs  cur  prefent 
Gomprehenfton. 

Fig.  1,  Plate  XV.  is  a representation  of  the  wing  of  the  heme- 
robius  perla  (Lin.  Syft.  Nat.  vol.  l,  part  2,  page  91 1-2)  of  the 
natural  ftze.  Fig.  2 reprefents  the  fame  wing  magnified.  This 
elegant  infefl  has  acquired  the  name  of  hemerohius  from  the 
fhortnefs  of  it’s  life,  as  it  feldom  lives  more  than  two  or  three 
days  in  it’s  fly  ftate  : Linnaeus  has  placed  it  in  his  fourth  clafe, 
among  thofe  infefls  which  have  four  tranfparent  wings  and  no 
fting.  The  wings  are  nearly  of  a length,  and  exactly  fimilar; 
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they  are  compofed  of  delicate  fine  nerves,  regularly  and  elegantly 
difpoled,  as  may  be  Teen  in  the  figure ; they  are  beautifully 
adorned  with  hairs,  and  are  (lightly  tinged  with  green.  4 he 
body  is  of  a fine  green  colour, ' and  it's  eyes  appear  like  two 
delicate  beads  of  burnifhed  gold,  from  whence  it  is  by  many 
called  the  golden  eye.  This  curious  little  infeft  lays  it’s  eggs  on 
the  leaves  of  the  plumb,  rofe  tree,  &c.  the  eggs  are  fmall  and 
white,  and  each  of  them  fixed  to  a little  pedicle,  or  foot  (lalk, 
about  half  an  inch  long  ; they  (land  off'  from  the  leaf,  and  appear 
much  like  the  fructification  of  fome  of  the  modes.  This  fingular 
circumftance  has  beui  already  noticed  in  page  265  of  thcfe  edays. 
The  larva  which  proceed  from  thcfe  eggs  refemble  th  t of  the 
coccinella,  or  lady  cow,  but  are  mud.  handfomer ; it  feeds  like 
them  on  the  aphides,  or  pucerons,  lucking  their  blood,  and 
forming  itlelf  a cafe  with' thein  dried  bodies,  ir  which  it  changes 
into  the  pupa  date,  from  whence  they  afterwards  immerge  in  the 
form  of  the  fly  here  described. 

Fig.  2,  Plate  XIV.  repiefents  the  wing  of  the  forficula  auricu- 
laria,  or  earwig,  (Linn.  Syd.  Nat.  vol.  1,  part  2,  page  680-1)  of 
the  natural  fize.  Fig.  1.  the  fame  wing  magnified.  4 hough  this 
infefit  is  fo  very  common,  yet  few  people  know  that  they 
have  wings,  and  fewer  yet  have  leen  them ; they  are  of  a curious 
and  elegant  texture,  and  wonderful  ilruclure.  The  upper  part  is 
cruflaceous  and  opake,  while  the  other  part  is  beautifully  tranf- 
parent.  It  folds  up  into  a very  fmall  compafs,  and  lies  nearly 
concealed  under  the  elytra,  which  are  not  more  than  a fixth  part 
of  the  wing  in  fize.  They  fird  fold  back  the  parts  A B,  and  then 
fhut  up  the  ribs  like  a fan ; the  drong  mufcles  ufed  for  this  purpofe 
are  feen  at  the  upper  part  of  the  figure.  The  ribs  are  extended 
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from  the  center  to  the  outer  edge,  others  are  extended  only  from 
f the  edge  about  half  way.  but  they  are  all  united  by  a kind  of 
band,  at  a fmall  but  equal  difiance  from  the  edge ; the  whole 
evidently  contrived  to  flrengthen  the  wing,  and  facilitate  the 
various  motions  thereof.  The  earwig  is  a very  deftruciive 
animal,  doing  confiderable  injury  to  molt  kinds  of  wall  fruit,  to 
carnations,  and  other  fine  flowers,  See.  and  as  they  only  feed  in 
the  night,  they  efcape  the  fearch  of  the  gardener.  Reeds  open 
at  both  ends,  and  p'aced  among  fruit  trees,  are  a good  trap  for 
them,  as  they  croud  mto  thefe  open  channels,  and  may  be  blown 
out  into  a tub  of  water.  As  they  conceal  themfelves  in  the  day- 
time, thofe  that  are  curious  in  flowers  place  tobacco  pipes,  lob- 
fters  claws,  &c.  on  the  top  of  their  garden  hicks,  in  order  to 
catch  them.  This  infeft  differs  very  little  in  appearance  in  it’s 
three  different  hates.  De  Geer  afferts,  that  the  female  fits  on  her 
eggs,  and  broods  over  the  young  ones  as  a hen  does  over  her 
eggs. 

Of  the  Eyes  of  Insects. 

The  conftruflion  and  formation  of  the  eyes  of  infeefs  differs 
confiderably  from  that  of  other  animals.  In  other  creatures  the 
eyes  are  moveable,  and  generally  placed  one  on  each  fide  of  the 
head,  and  two  are  fufficient  for  all  the  purpofes  of  vifion.  But 
in  infeffs  the  eyes  are  fixed,  and  therefore  would  not  ferve  to  give 
them  a view  of  any  objeft  but  what  was  placed  direfily  before 
them.  We  therefore  find  that  they  are  provided  with  a number 
of  eyes,  which  in  fome  fpecies,  as  in  the  fpider,  are  fingle,,  and 
placed  at  fome  diftance  from  each  other.  But  the  greater  part 
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are  furnifhed  with  a colledfion  of'  an  indefinite  number  of  very 
final  1 fingle  eyes,  placed  in  one  common  cafe  or  fockct. 

The  two  protuberances  on  die  head,  which  are  formed  by 
this  congeries  of  eyes,  feem  to  the  naked  eye  to  confift  of  a num- 
ber of  lines,  eroding  with  great  regularity  and  exadtnefs,  at  fome 
little  diflance  from  each  other,  like  the  rnefhes  of  a net,  from 
whence  they  have  been  termed  the  reticular  eyes.  Thofe  of  the 
libellula  are  peculiarly  well  adapted,  on  account  of  their  fize,  for 
a microfcopic  view  of  this  fubjedh  Thefe  eyes  are  fo  perfeddy 
fmooth  and  polifhed,  -that  when  viewed  as  an  opake  objedl,  they 
will,  like  fo  many  mirrors,  refiedf:  the  images  of  all  the  furround- 
ing objedts-.  The  figure  of  a candle  may  be  feen  multiplied 
almofl  to  infinity  on  their  furfaces,  fhifting  it’s  beam  to  each  eye 
according  to  the  motion  given  it  by  the  obferver’s  hands.  Other 
animals  are  obliged  to  turn  their  eyes  towards  .any  objedf,  but 
thefe  have  eyes  ready  directed  to  it,  on  whatever  fide  it  may  pre- 
fent  itfelf.  The  genus  of  cancri  have  their  eyes  moveable,  but 
for  the  moft  part  reticulated  like  other  infedts. 

Though  the  reticulated  eyes  of  hies  are  large,  not  only  in  pro- 
portion to  the  fize  of  the  creature,  but  abfolutely  and  in  themfelves ; 
yet  the  feveral  fmall  eyes,  of  which  they  are  compofed,  are  re- 
markably minute  in  companion  of  thofe  of  the  butterfly  clafs. 

i 

Mod  of  the  butterfly  clafs  have  in  each  of  their  reticulated 
-eyes  many  thou fand  fmall  ones  ; but  the  fly  clafs  greatly  exceed 
them  in  the  number  of  thefe,  as  many  of  their  eyes  are  three  times 
as  large  as  thofe  of  the  butterfly,  anclbefides  that  each  fmaller  eye 

is  vafdy  more  minute. 
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Mr.  Hook  computed  14.000  hemifphtres  in  the  two  eyes  of  a 
drone;  Mr.  Leeuwenhoeck  reckoned  6236  in  a filk- worm’s  two 
eyes  in  it’s  fly  hate ; 3181  in  each  eye  of  a beetle,  and  8000  in 
the  two  eyes  of  a common  fly.  The  pearl  eyes  of  the  dragon  fly 
appear  with  a common  reading-glafs  like  fhagreen,  and  Mr. 
Leeuwenhoeck  reckoned  in  each  eye  of  this  infeH  12,544  lenfes, 
placed  in  an  hexangular  pofition,  each  lens  having  fix  others 
round  it.  He  alfo  obferved  in  the  center  of  each  lens  a minute 
tranfparent  fpot,  brighter  than  the  reft,  fuppofed  to  be  the  pupil, 
lurrounded  with  three  circles,  and  in  appearance  feven  times  lefs 
than  the  diameter  of  the  whole  lens.  Mr.  Puget  counted  17,325 
in  the  eye  of  a butterfly,  which  Malphigi  concludes  to  be  diftinfl 
and  feparate  eyes.  The  Abbe  Catalan,  and  others,  have  fince 
fhewn,  that  all  the  eminences  difcoverable  in  the  cornea  of  infefls 
have  the  neceflary  parts,  and  perform  the  offices  of  an  eye. 
Leeuwenhoeck  difcovered  the  bundles  of  optic  nerves  which  ferve 
tliefe  fmall  lenfes ; and  Reaumur  fuppofes  that  thefe  fupply  the 
place  of  all  that  is  wanted  behind  the  lenfes,  for  the  organization 
of  an  eye  complete  for  vifion. 

But  it  is  in  the  works  of  Swammerdam  that  we  are  enabled  to 
contemplate  the  aftonifhing  organization  of  the  eyes  of  infeeds. 
Under  each  mefh,  or  facet,  there  is  a little  pyramid  of  fibres, 
broad  at  the  bafe,  and  growing  fmaller  as  it  proceeds  inwards. 
The  pyramids  have  the  fame  number  of  fides  as  each  eye,  and 
there  are,  therefore,  as  many  hexagonal  pyramids  as  there  are 
fmall  facets,  or  eyes,  in  the  infefl.  An  innumerable  quantity  of 
pulmonary  tubes  afeend  thefe  fibres ; thefe  tubes  terminate  in  a 
fine  tranfparent  'white  fibrous  membrane,  of  a convex  fhape, 
which  is  alfo  thick  fet  with  pulmonary  tubes ; under  this  mem- 
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brane  is  another,  which  is  more  delicate  and  more  tranfparent,. 
but  connebled  with  it  by  means  of  pulmonary  tubes ; under  this 
there  is  placed  a fecond  fpecies  of  fibres,  tranfverfely  applied,  like 
fo  many  beams,  to  fupport  the  pyramidal  fibres  that  are  laid 
over  them? 

Each  fide  of  the  head  of  a fly,  which  is  cut  as  .it  were  into  a 
multitude  of  fmall  facets,  is  one  of  the  reticulated  eyes  of  the 
creature.  Nature  allots  two  of  thefe  reticulated  eyes  to  each  fly  ; 
and  as  they  each  contain  fuch  a vafl  multitude  of  fmaller,  but 
perfedf  eyes,  one  would  imagine  them  to  be  very  fuffieient  for  all 
the  occafions  of  the  animal.  There  are,  however,  certain  flies  of 
the  ephemera  kind  which  have  four  of  thefe  reticulated  eyes,  two 
of  which  are  placed  as  is  ufual  in  the  mufca,  and  are  but  of  fmall 
extent ; the  other  two  have  each  the  appearance  of  a fort  of  tur- 
ban, and  are  placed  one  befide  the  ether  upon  the  upper  part  of 
the  head. 

Thefe  have  fomewhat  the  figure  of  a mufhroom,  the  head  of 
it  extended  a little  beyond  the  ftalk,  and  the  upper  convex  fur- 
face  cut  into  almoft  an  innumerable  quantity  of  facets. 

The  firft  pair  of  the  reticular  eyes  of  this  fly,  which  are  placed 
as  thofe  of  the  other  flies,  are  in  colour  brown  ; thofe  of  the 
mufhroom  form  are  of  a very  beautiful  citron-colour,  and  as 
tranfparent  as  the  moff  pellucid  reticular  eyes  of  other  flies  ; for, 
among  the  various  fpecies,  fome  have  thefe  eyes  much  more 
tranfparent  than  others.  The  fly,  thus  remarkably  furmfhed 
with  eyes,  is  produced  from  a worm  of  the  fame  kind  with  the 
common  fpecies  of  ephemerons ; it’s  body  is  of  a pale  yellow, 
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and  it's  wings  white  ; the  two  inferior  ones  of  thefe  are  fo  fmall, 
that  they  are  not  eafily  didinguifhed. 

Among  the  fly  clafs  thefe  reticular  eyes  are,  in  different  fpe- 
cies,  of  different  colours  ; there  are  fome  which  have  them  brown, 
others  yellow,  others  green,  and  others  red,  and  this  in  all  the 
different  lhades  of  thofe  colours.  Some  of  them  have  alfo  the 
glofs  of  metals  highly  polilhed,  others  afford  us  a view  of  change- 
able colours,  and  others  have  arrangements  of  different  colours, 
fixed  and  invariable.  The  eyes  of  one  fpecies  of  the  gad-fly,  fo 
troublefome  to  oxen,  have  ftreaks  of  red,  green,  and  brown, 
placed  alternately. 

One  would  imagine,  that  as  every  fly  has  two  of  thefe  reticular 
eyes,  each  compofed  of  fuch  a multitude  of  real  eyes,  they  could 
have  no  occafion  for  any  more  ; but  fo  it  has  not  appeared  to  the 
great  Being  that  formed  them,  for  many  fpecies  are  furniflied 
with  more  eyes,  which  differ  both  in  condru&ion  and  form  from 
thofe  that  are  reticulated. 

The  eyes  already  defcribed  are  properly  called  reticular  ones ; 
and  to  avoid  confufion,  it  will  be  neceffary  to  defcribe  thofe 
which  differ  from  them  by  fome  determinate  name  (they  are  now 
generally  termed  the  (lemmata) ; thefe,  when  examined  by  the 
bed  microfcopes,  appear  of  a perfectly  fmooth,  gloffy,  and 
polifhed  furface,  but  plain  and  Ample,  without  the  lead  appear- 
ance of  a reticulated  texture.  They  are  alfo  much  fmaller  than 
the  reticulated  eyes,  and  may  therefore  be  called,  by  way  of' 
didinftion,  the  fmaller  fmooth  eyes,  or  the  dcmmata. 
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M.  De  la  Hire  feems  to  have  been  the  firft  perfon  who  dif- 
covered  thefe  fmooth  eyes.  He  obferved  three  of  them  difpofed; 
in  a triangular  form,  on  the  back  part  of  the  heads  of  fome  of 
thefe  little  creatures.  He  foon  found  that  they  were  tranf- 
parent,  and  thence  naturally  judged  them  to  be  of  the  fame 
nature  of  the  cornea  of  our  eyes,  and  really  to  ferve  the  fame 
office  to  the  creature  poffieffied  of  them. 

We  find  three  of  thefe  fmooth  eyes  placed  triangularly  on  the 
back  part  of  the  head  of  vaft  numbers  of  the  genera  of  flies,  as 
well  of  the  two-winged  as  of  the  four-winged  kinds ; but  there 
are  alfo  fome  of  both  thefe  daffies,  in  which  they  are  wanting. 
All  the  fpecies  of  gnats,  and  of  tipulae,  are  without  them.  The 
heads  of  thefe  are  very  fmall  in  proportion  to  the  bulk  of  their 
body,  and  are  in  a manner  covered  by  their  reticular  eyes.  The 
want  of  the  fmall  eyes  is  amply  made  up  by  the  fize  and  extent 
of  the  larger ; but  there  are  fome  other  kinds  which  want  them, 
without  having  this  advantage  in  their  place.  Of  the  two-winged 
flies  with  ffiort  bodies,  the  gad-flies  want  thefe  eyes  ; and  among 
the  longer  bodied  and  four-winged  kinds,  the  flies  produced  from; 
the  puceron-eaters  (hemerobius). 

Notwithflanding,  therefore,  that  many  fpecies  of  flies  have 
thefe  eyes,  there  are  yet  fo  many  that  want  them,  that  Mr.  De  la 
Hire  would  not  have  judged  thefe  to  be  their  only  eyes,  if  he  had 
made  experiments  on  the  reticulated  ones,  in  the  manner  of  Meffi 
Swammerdam  and  Reaumur.  Mr.  Swammerdam  put  upon  the 
eyes  of  certain  .flies  a covering  of  black,  fleeped  in  oil;  in  this 
flate  they  flew  at  random,  and  feemed  to  have  no  flrength  ; and 
wherever  they  fettled  they  did  not  avoid  the  hand  which  woidd 
6 take 
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take  them.  M.  Reaumur  made  alfo  Tome  experiments  upon  the 
reticulated  eyes  of  bees,  which  were  all  taken  from  the  fame 
hive.  He  fpread  upon  them  a covering. of  dark-coloured  varnifh, 
and  fhut  them  up  with  fome  of  their  companions  which  had  not 
been  touched,  in  a large  powder-box.  At  about  eight  or  ten 
heps  from  the  hive  from  whence  they  were  taken,  the  cover  of 
the  box  was  taken  off;  thofe  which  had  their  eyes  clear  imme- 
diately took  their  flight,  and  went  to  their  habitation  ; thofe 
whole  eyes  were  varnifhed  made  no  haffe  to  get  out  of  the 
box  ; they  had  fome  difficulty  to  determine  themfelves  for  flight, 
and  the  greateft  number  direfted  it  at  random,  and  on  different 
Tides,  and  went  not  far.  To  oblige  fome  of  them  to  fly  farther, 
they  were  thrown  into  the  air ; they  raifed  themfelves  vertically 
till  Jihey  were  loft,  and  not  one  of  them  feemed  to  know  the  way 
to  its  hive. 

To  know  what  would  happen  if  the  ftemmata  were  covered, 
he  put  varnifh  upon  them,  in  the  fame  manner  as  was  done  to  the 
reticulated  eyes,  and  fet  them  hkewife  at  liberty,  about  three  or 
four  fteps  from  the  hive  ; not  one  feemed  to  know  it’s  way,  or 
even  feek  it.  They  flew,  on  all  fides  upon  the  plants,  but  did  not 
fly  far. 

An  infeft  is,  I believe,  never  found  with  both  kinds  of  eyes 
but  when  it  is  in  it’s  perfect  ftate.  The  moth,  for  inftance,  which 
hasfeveral  thoufands  of  eyes  in  the  reticulated  form,  has  only  fix 
fmall  fmooth  eyes  in  the  ftate  of  the  caterpillar.  The  wonderful 
anatomift  of  the  coffus  has  fhewn,  that  the  eyes  of  the  latter  are  in 
the  form  of  a cup,  and  that  the  cornea,  which  is  the  cover  to  this 
cup,  is  very  tranlparent.  He  has  been  enabled  to  di (cover  a true 
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optic  nerve,  that  divides  into  fix  branches,  which  are  connefled 
with  each  eye  ; each  of  thefe  is  accompanied  with  a pulmonary 
tube.  This  celebrated  obferver,  in  fpeaking  lightly  of  the  reti- 
culated eyes  of  the  moth  of  the  coffus,  which  are  in  number 
22,000,  fays,  that  each  is  probably  a telefcope,  confiding  at 
lead  of  three  lenfes.  ' 

It  is  eafy  to  diew  with  the  eye  of  a fly,  prepared  as  we  have 
already  defcribed  in  page  142,  chapter  iv.  and  then  placed  before 
the  microfcope,  that  each  of  the  portions  of  thefe  reticular  eyes 
have  the  power  of  refrafting  the  light,  and  forming  an  image  of  a 
candle,  or  any  other  objeft,  at  their  relpeflive  foci.  Mr.  Martin 
affirms,  that  in  a great  number  of  obfervations  he  always  found 
that  the  edge  of  the  cornea  of  each  eye  was  always  thicker  in  the 
middle  than  at  the  edges,  and  that  this  fwelling  out,  or  increafe 
of  thicknefs,  was  equal  on  each  dde,  and  exaftly  oppodte, 
amounting  to  a full  proof  that  the  cornea  of  an  infe&’s  eye  is 
really  a fydem  of  a great  number  of  exceeding  fmall  double  and 
equally  convex  lenfes,  of  an  hexagonal  form,  <£  and  affording  one 
of  the  mod  driking  indances  of  Divine  geometry  and  optics.  ’ 

Fig.  3,  Plate  XVI.  is  a reprefentation  of  a fmall  portion  of  the 
cornea  of  the  libellula,  as  feen  by  the  microfcope.  The  ddes  of 
the  hexagons,  in  fome  podtions  of  the  light,  appear  of  a fine  gold 
colour,  and  divided  into  three  parallel  lines.  Fig.  4 the  ^ame 
piece  of  it’s  natural  dze. 

Fig.  3,  Plate  XVI.  reprefents  a piece  of  the  cornea  of  a lobder  s 
eye ; in  thefe  each  of  the  eyes  are  fet  as  it  were  in  a fquare  frame. 
Fig.  6,  the  fame  piece  not  magnided. 
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Mr.  William  Andre  has  (hewn,  that  thefe  are  not  the  only 
variations  which  are  to  be  found  in  the  eyes  of  thefe  fmall  crea- 
tures ; forthofe  of  the  monoculus  polyphemus  are  made  up  of  a 
great  number  of  fmall  tranfparent  amber-like  cones.  See  his 
letter  to  Sir  Jofeph  Banks,  in  the  Philofophical  Tranfa&ions, 
a fhort  extract  from  which  I fhall  proceed  to  lay  before  the 
reader. 

“ The  monoculus  polyphemus,  or  king  crab,  is  a cruftaceous 
animal,  found  in  all  the  feas  furrounding  the  continent  of  America 
and  the  Weft  India  illands,  and  which  frequently  grows  to  a very 
large  fize. 

“ If  the  fhell  of  the  monoculus  were  divided  fairly  in  half,  the 
large  eyes  would  be  nearly  in  the  center  of  each  piece,  and  the 
fmall  ones  on  the  divided  edge,  near  the  fore-part  of  the  fhell. 
The  large  eyes  are  at  a great  diftance  from  each  other;  but  the 
fmall  ones  are  clofe  together.  It  will  appear  hereafter  that  the 
large  eyes  are  made  up  of  a great  number  of  fmall  tranfparent 
amber-like  cones,  and  that  the  fmall  ones  are  compofed  of  one 
fuch  cone  only ; fo  that  they  may  be  divided  into  eyes  with  many 
cones,  and  eyes  with  a fingle  cone.  The  large  eyes,  or  thofe 
with  many  cones,  appear  as  two  tranfparent  fpots,  about  the  fize 
and  nearly  of  the  fhape  of  a kidney-bean,  the  concave  edges 
looking  towards  each  other,  and  the  convex  towards  the  edge  of 
the  fhell.  If  they  be  examined  attentively,  we  may  difcern  on 
their  furface  a number  of  fmall  depreftions,  which  point  out  the 
center  of  each  cone.  The  fmall  eyes,  or  thofe  with  a fingle  cone, 
look  like  two  fmall  tranfparent  fpots,  not  larger  than  a pin’s 
head;  thefe,  from  their  minutenefs,  are  eafily  overlooked. 
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“ T he  appearances  which  have  teen  deferibed  may  be  feen  or 
the  external  furface  of  the  (hell  with  the  naked  eye  ; but  in  order 
to  proceed  to  a further  invefligation  of  the  fubjeft,  the  cornea 
mult  be  removed  from  the  fhell,  and  applied  to  a fingle  mie ro- 
le ope  with  a very  flrong  light. 

“ The  internal  furface  of  the  large  eyes,  examined  with  the 
microfcope,  is  found  to  be  thick  fet  with  a great  number  of  fmall 
tranfparent  cones,  of  an  amber  colour,  the  bafes  of  which  Hand 
downwards,  and  their  points  upwards  next  the  eye  of  the  ob- 
ferver.  The  cones  in  general  have  an  oblique  direction,  except 
fome  in  the  middle  of  the  cornea,  about  thirty  in  number,  the 
direflion  of  which  is  perpendicular. 

“The  center  of  every  cone  being  the  mofl  tranfparent  part,  and 
that  through  which  the  light  pafles,  on  that  account  the  perpen- 
dicular or  central  cones  always  appear  beautifully  illuminated  at 
their  points.  In  a word,  they  are  all  fo  difpofed,  as  that  a cer- 
tain number  of  them  receive  the  light  from  whatever  point  it  may 
ifl’ue,  and  tranfmit  it  to  the  immediate  organ  of  fight,  which  we 
may  reafonably  fuppofe  is  placed  underneath  them ; the  cones  are 
not  all  of  the  fame  length ; thofe  on  the  edges  of  the  cornea  are 
the  longeft,  from  whence  they  gradually  diminifh  as  they  ap- 
proach the  center,  where  they  are  not  above  half  the  length  of 
thofe  on  the  edges.” 
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Of  the  Insect  which  is  represented  at  Fig.  2,  2,  o, 

Plate  XVII. 

This  very  beautiful  and  fingular  infedl  was  firft  pointed  out  to 
me  by  Mr.  Marfham,  who  had  l'een  it  in  the  cabinet  of  infers 
belonging  to  the  Queen,  in  the  royal  obfervatory  at  Rich- 
mond. Her  Majefly  was  pleafed  to  permit  me  to  have  the 
drawing  taken  from  it,  from  which  this  plate  was  engraved. 
When  Mr.  Marfham  firft  faw  it  at  Richmond,  he  confidered  it 
as  an  undefcribed  infedl,  and  an  unique  in  this  country.  But  he 
has  fince  found  that  it  is  mentioned  by  Fabricius,  in  his  Syftema 
Entomologiae,  as  a new  genus,  under  the  name  of  leucofpis 
dorfigera;  and  there  is  one  of  the  infefts  in  the  cabinet  of  the 
celebrated  Linnaeus,  now  in  the  pofteftion  of  J.  E.  Smith,  M.  D. 
F.  R.  S.  Sulz,  and  other  writers,  have  alio  deferibed  it. 

It  appears  at  firft  fight  like  a wafp,  to  which  genus  the  folded 
wings  would  have  given  it  a place,  had  not  the  remarkable  fling, 
or  tube,  on  the  back  removed  it  from  thence.  It  is  probably  a 
fpecies  between,  and  uniting  the  fphex  and  wafp,  in  fome  degree 
partaking  of  the  characters  of  both.  The  antennae  are  black 
and  cylindrical,  increafing  in  thicknefs  towards  the  extremity; 
the  joint  neareft  the  head  is  yellow,  the  head  is  black,  the  thorax 
is  alfo  black,  and  encompafted  round  with  a yellow  line,  and  fur- 
nillied  with  a crofs  one  of  the  fame  colour,  near  the  head.  The 
fcutellum  is  yellow,  the  abdomen  black,  with  two  yellow  bands, 
and  a fpot  of  the  fame  colour  on  each  fide  between  the  bands. 
A deep  black  polifhed  groove  extends  down  the  back,  from  the 
thorax  to  the  anus,  into  which  the  fling  turns  and  is  depofited, 
leaving  the  anus  very  circular  ; a yellow  line  runs  on  each  fide 

3 A the 


Microscopical  Essays. 


3sg 

the  fling.  The  anus  and  the  whole  body,  when  viewed  with  a 
(hallow  magnifier,  appear  puntluated ; thefe  points,  when  ex- 
amined in  the  microfcope,  appear  hexagonal,  as  in  the  plate ; 
and  in  the  center  of  each  hexagon  a fmall  hair  is  to  be  feen ; the 
feet  are  yellow,  the  hinder  thighs  very  thick  and  toothed,  and 
alfo  form  a groove  for  the  next  joint ; they  are  yellow,  with 
black  fpots  : it  is  found  in  Italy,  Switzerland,  France,  and  Ger- 
many. Fig.  1,  Plate  XVII.  fhews  it  very  much  magnified.  Fig. 
2 is  a fide  view  of  itdefs  magnified.  Fig.  3 is  the  objeft  of  it’s 
real  fize. 

Of  the  Lobster  Insect,  delineated  Fig.  1 and  6, 

Plate  XVIII. 

This  extraordinary  little  creature  was  found  by  my  ingenious 
friend,  Mr.  John  Adams,  of  Edmonton  ; he  was  at  the  New  Inn, 
Waltham  Abbey,  where  it  was  fpied  by  fome  labouring  men  who 
were  drinking  their  porter.  The  man  who  firft  perceived  it 
thought  it  was  of  an  unufual  form  ; this  occafioned  a nicer  in- 
fpe£lion,  and  it  was  fuppofed  to  be  a loufe  with  unufual  long 
horns  ; others  thought  it  was  a mite.  This  occafioned  a debate, 
which  drew  the  attention  of  my  friend,  who  obtained  the  infeff 
from  them  for  further  obfervation.  Mr.  Martin  has  given  fome 
account  of  it  in  the  third  volume  of  “ The  aing  Gentleman 
and  Lady’s  Philofophy.”  Mr.  Adams  favoured  me  with  the  infe£f, 
that  an  accurate  drawing  might  betaken  from  it,  which  I thought 
would  be  highly  pleafirg,  not  only  to  the  levers  of  microfcopic 
obfervations,  but  alfo  to  the  entomologifl  it  appears  to  be 
quite  a diflinfil  fpecies  from  the  phalangium  cancroides  of 

Linneeus,  of  which  a good  drawing  has  been  given  by  Hook, 
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Roefel,  Schaeffer,  &c.  it  has  alfo  been  defcribed  by  Scopoii, 
Geoffroy,  &c.;  not  one,  however,  of’  thefe  defcriptions  agrees 
with  the  animal  under  confideration.  1'he  abdomen  of  this  is 
more  extended,  the  claws  are  larger  and  much  more  obtufe, 
the  body  of  the  other  being  nearly  orbicular,  the  claws  (lender, 
and  finifhing  almofl  in  a point,  more  tranfparent,  and  of  a paler 
colour.  It  is  very  probable  that  there  are  feveral  fpecies  nearly 
fimilar.  Mr.  Marfham  has  two  in  his  poffeffion,  one  like  the 
drawings  of  Reaumur,  the  other  not  to  be  diftinguifhed  from  that 
which  is  reprefenled  in  Plate  XVIII.  except  that  it  wants  the 
break,  or  dent,  in  the  claws,  which  is  fo  confpicuous  in  this. 
He  found  his  firmly  fixed  by  it’s  claws  to  the  thighs  of  a large  fly, 
which  he  caught  on  a flower  in  Effex  the  firft  week. in  Auguff, 
and  from  which  he  could  not  difengage  it  without  great  difficulty, 
and  tcaiing  off  the  fly’s  leg,  which  he  did  on  a piece  of  writing 
paper,  and  was  much  furprized  to  fee  the  little  creature  fpring 
forwards  full  a quarter  of  an  inch,  with  great  impetuofity,  and 
again  feize  it’s  prey,  from  which  he  had  great  trouble  to  dif- 
engage it. 

Of  Fig.  3,  4,  and  5,  Plate  XVIII. 

The  infeft  which  is  reprefented  at  Fig.  3,  Plate  XVIII.  was 
originally  named  phyfapus  by  Mr.  de  Geer,  on  account  of  the 
bladders  at  the  Pet.  Linnaeus  terms  it  trips. 

They  live  upon  plants,  and  particularly  in  flowers.  1 he  one 
figured  here  is  the  black  trips,  with  white  wings  ; the  antennae  * 
have  fix  articulations,  the  body  is  black,  the  wings  whidfh,  long 
and  hairy,  the  head  frnall,  with  two  large  reticular  eyes.  The 
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antennae  are  of  an  equal  fize  throughout,  and  divided'  into  fix 
oval  pieces,  which  are  articulated  together.  The  extremities  of 
the  feet  are  furnifhed  with  a membranaceous  and  flexible  bladder, 
which  it  can  throw  out  or  draw'  in  at  pleafure.  It  places  and 
p redes  this  bladder  againft  the  fub dances  on  which  it  is  walking* 
and  feems  to  fix  itfelf  thereby  to  them  ; the  bladder  fometimes 
appears  concave  towards  the  bottom,  the  concavity,  dimiaifhing 
in  proportion  as  it  is  lefs  prefied. 

They  have  four  wings,  twTo  upper  and  two  under  ones  ; thefe 
lad  are  with  great  difficulty  perceived ; they  are  fixed  to  the  up- 
per part  of  the  bread,  laying  horizontally  ; both  of  them  are 
rather  pointed  towards  the  edges,  and  have  a drong  nerve  run- 
ning round  them,  wdiich  is  fet  with  a hair  fringe,  tufted  at  the 
extremity.  The  wings  are  reprefented  by  themfelves  at  Fig.  4 ; 
the  infeft  of  the  real  fize  at  Fig.  5.  They  are  to  be  found  in 
great  plenty  in  the  fpring  and  fummer,  in  the  flowers  of  the 
dandelion,  &c. 

Of  Fig.  2,  Plate  XVIII. 

This  beautiful  opake  objeff  is  a piece  of  the  fkin  of  the  lump 
fifh.  For  a full  defcription  of  this  fingular  creature,  I mud  refer 
the  reader  to  Pennant’s  Britifh  Zoology,  vol.  iv.  page  117. 
There  are  no  fcales  on  the  body,  but  a greater  number  of  thefe 
tubercles,  which  are  exhibited  in  this  figure.  When  a good 
fpecimen  is  procured,  it  forms  a mod  delightful  objedf  for  the 
opake  microfcope.  It  is  probable  that  the  fifh  exudes  an  undfuous 
matter  from  thefe  tubercles. 
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Fig.  1,  Plate  XX.  is  a beautiful  infedt  of  the  hemiptera  clafs, 
or  that  kind  where  the  elytra  are  only  in  part  cruflaceous,  and 
which  do  not  form  a longitudinal  future  down  the  back,  but  fold 
over  about  one-third  of  their  length  towards  the  bottom,  where 
it  is  alfo  partly  tranfparent.  It  is  of  the  genus  cimex,  and  called 
flriatus  by  Linnaeus.  It  cannot  boaft  a variety  of  colours,  though 
what  it  has  are  bright  and  elegantly  difpofed  : the  head,  probofeis, 
and  thorax,  are  black.  The  thorax  is  ornamented  with  yellow 
fpots,  the  middle  one  large,  and  occupying  almoft  one-third  of ' 
the  pofterior  part ; the  other  twTo  are  on  each  fide,  and  tri- 
angular. The  fcutellum  has  two  yellow  oblong  fpots,  pointed  at 
each  end  ; the  ground  of  the  elytra- is  a bright  yellow,  fpotted  and 
ftriped  with  black.  The  nerves  are  yellow,  and  there  is  a 
brilliant  triangular  fpot  of  orange,  which  unites  the  cruflaceous 
and  membranaceous  parts ; the  latter  is  brown  and  clouded.  The 
feet  are  of  a line  red,  and  the  rings  of  the  abdomen  are  black, 
edged  with  white.  This  pretty  infeft  is  to  be  found  in  June, 
upon  the  elm-tree.  It  is  reprefented  at  A of  the  natural  flze. 

Plate  XX.  Fig.  2. 

A very  common,  though  elegant,  infect  of  the  coleoptra  dais', 
is  reprefented  as  feen  in  the  lucernal  microfcope,  and  of  it’s  natu- 
ral lize  at  B ; it  is  called  by  Linnaeus  chryfomela  afparagi,  from 
the  larva  feeding  on  the  leaves  of  that  plant.  It’s  figure  is  oblong, 
the  antennae  black,  compofed  of  many  joints  nearly  oval.  The 
head  is  a bright  but  deep  blue,  the  thorax  red  and  cylindrical,  the 
elytra  blue,  with  a yellow  margin,  with  three  fpots  of  the  fame 
colour  on  each,  one  at  the  bafe  of  an  oblong  form,  and  two 
united  with  the  margin  ; the  legs  are  black,  but  the  under  fide  of 
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the  belly  is  of  the  fame  blue  colour  with  the  elytra  and  head. 
This  little  animal,  when  viewed  by  the  naked  eye,  fcarcely 
appears  to  deferve  any  notice ; but  when  examined  by  the 
microfcope,  it  is  one  of  the  mod  plealing  opake  objedls  we 
have. 

This  infe£f  is  foftnd  in  June,  on  the  afparagus  after  it  has  run 
to  feed.  De  Geer  fays,  that  it  is  very  fcarce  in  Sweden. 

Fig.  3,  Plate  XX. 

The  infeft:  which  comes  at  prefent  under  our  infpe&ion  is 
peculiarly  adapted  to  fr.ew  the  advantages  of  the  microfcope, 
which  alone  will  difcover  the  peculiai  'ties  of  it’s  figure  ; this  is  fo 
remarkable,  that  the  naturalids  appear  undetermined  as  to  ids 
genus.  Geoffroy  formed  a new  one  foi  it,  under  lie  title  of 
notuxus,  in  which  he  has  been  followed  by  Fabricius  ; e\en  Lin- 
naeus himfeif  could  not  determine  at  fird  where  to  place  it,  for  in 
the  Fauna  Suecica  he  makes  it  an  attelabus,  but  in  the  lafi  edition 
of  the  Syftema  Naturae  he  has  fixed  it  as  a meloc,  calling  it  the 
meloe  monoceros  ; but  dill  he  adds,  “ genus  difficile  determinatur 
forte  huic  proximum.”  Both  Geoffroy  and  Schaeffer  have  given 
figures  of  it,  but  as  they  had  not  that  kind  of  microfcope  which 
would  affid  them,  their  figures  are  imperfedt. 

The  head  is  black,  arid  appears  to  be  hid,  or  buried,  under 
the  thorax,  which  projefis  forwards  like  a horn;  the  antennae  are 
compofed  of  many  articulations,  and  with  the  feet  are  of  a dirty 
yellow.  The  hinder  part  of  the  thorax  is  red di fit,  the  fore-part 
black.  The  elytra  are  yellow,  with  a black  longitudinal  line 
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down  the  future ; there  is  a band  of  the  fame  colour  near  the 
apex,  and  alfo  a black  point  near  the  bafe  ; the  whole  animal  is 
curioufly  covered  with  hair.  Geoffrey  fays  it  is  found  on  um- 
belliferous plants  ; the  one  here  deferibed  was  found  in  May  ; 
the  natural  fize  is  feen  at  C. 

Fig.  1 and  3,  Plate  XIX.  reprefents  two  of  the  feet  of  the 
monoculus  apus  of  Linnaeus.  They  are  curioufly  contrived  to 
affift  the  animal  in  fwimming,  and  form  a very  beautiful  objedt 
for  the  microfcope. 

Fig.  2 and  4 are  of  the  natural  fize. 

Of  the  Scales  of  Fish. 

The  outfide  coverings,  or  feales,  of  fifhes  afford  an  immenfe 
variety  of  beautiful  objedfs  for  the  microfcope.  They  are  formed 
in  the  moft  admirable  manner,  and  at  ranged  with  inconceivable 
beauty  and  regularity ; fome  are  of  a long  fhape,  others  nearly 
round,  fome  fquare,  varying  in  fhape,  not  only  in  different  fpe- 
cies  of  fifh,  but  even  confiderably  on  the  fame  fifh ; thofe  which 
are  taken  from  one  part  not  being  entirely  fimilar  to  thofe  which 
are  taken  from  another. 

Leeuwenhoeck  fuppofed  each  fcale  to  confift  of  an  infinity  of 
feales,  laid  one  over  the  other,  or  more  fimply  of  an  infinity  of 
flrata,  ol  which  thofe  next  the  body  of  the  fifh  are  the  largeft. 

Thefe  flrata  exhibit  a fpecimen  of  very  beautiful  workmanfhip  ; 
when  viewed  with  the  microfcope,  we  find  them  to  be  conflrudfed 
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with  wonderful  art.  In  fome  fcales  we  difcover  a prodigious 
number  of  concentric  flutings,  too  fine,  as  well  as  too  near  each 
other,  to  be  eafily  enumerated  ; they  are  probably  formed  by  the 
edges  of  each  ftratum,  denoting  the  limits  thereof,  and  the 
different  ffages  of  the  growth  of  the  fcale.  Thefe  flutings  are 
often  traverfed  by  others  that  proceed  from  the  center  of  the 
fcale,  which  is  feldom  in  the  middle  thereof;  thefe  generally  go 
in  a ftrait  line  from  this  center  to  the  circumference. 

- 

Fig.  7,  Plate  X.  reprefents  a fcale  from  a fpecies  of  the  parrot 
fifh  of  the  Weft-Indies,  confiderably  magnified.  Fig.  8,  the  real 
fize  of  the  fcale. 

Fig.  g,  Plate  X.  is  a fcale  of  the  fea  perch,  which  is  found  on 
the  Englifh  coaft. 

Fig.  10,  the  fame  fcale  of  the  natural  fize. 

1 * * ' ' ’ - i i t 4 * ; 1 ' j O ' 1 

Fig.  7,  Plate  XIX.  a fcale  from  the  haddock,  as  feen  in  the 
microfcope.  Fig.  8,  the  fame  of  the  natural  fize. 

Fig.  9,  Plato  XIX.  a fcale  from  a fpecies  of  perch  from  the 
Weft-Indies,  magnified.  Fig.  10,  the  fcale  of  it’s  real  fize. 

Fig.  11,  a fcale  from  the  foal-fifh,  delineated  as  it  appeared  in 
the  microfcope ; the  pointed  part  is  that  which  (lands  without 
the  (kin,  as  may  be  feen  in  Fig.  5,  which  reprefents  a piece  of 
the  fkin  of  the  foal,  as  viewed  by  the  opake  microfcope.  Fig.  6 
and  12,  the  fame  objefls  of  their  real  fize. 
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CHAP.  VII. 


The  Natural  History  of  the  Hydra,  or  Fresh-water 

Polype. 

r|  ^ H E polypes  defcribed  in  this  chapter  are  frefh-water 
-*■  infedls,  of  the  genus  of  hydra,  in  the  clafs  of  worms,  and 
order  of  zoophytes.  When  they  are  cut  or  divided  into  a num- 
ber of  pieces,  the  feparated  parts  in  a very  little  time  become  fo 
many  perfeft  and  dihinft  animals  ; each  piece  having  a power  of 
producing  a head,  a tail,  and  the  other  organs  neceflary  for  it’s 
life  and  ftate. 

They  are  generally  known  by  the  name  of  polype ; but  as 
this  was  thought  by  many  to  be  improper,  becaufe  that,  firidlly 
fpeaking,  they  have  no  feet,  Linnaeus  called  the  genus  hydra, 
probably  from  their  property  of  reproducing  the  parts  which  are 
cut  off,  a circumftance  that  naturally  brings  to  mind  the  fabulous 
llory  of  the  Lernean  hydra.  Dr.  Hill  called  them  biota,  on  ac- 
count of  the  ftrong  principle  of  life  with  which  every  part  is 
endued. 

Leeuwerthoeck,  whofe  indefatigable  induflry  in  his  refearches 
after  fmall  infedts  permitted  very  few  things  to  efcape  his  notice, 
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difcovered  thefe  animals,  and  gave  fome  account  of  them  in  the 
Philofophical  Tranfafiions  for  the  year  1703.  There  is  alfo  in 
the  fame  volume  a letter  from  an  anonymous  hand  on  this  fubjeff. 
We  had,  however,  no  regular  account  of  them,  their  various 
habits,  their  different  fpecies,  or  of  their  wonderful  properties, 
till  the  year  1740,  when  they  firft  engaged  the  attention  of  Mr. 
Trembley,  to  whofe  affiduity  and  obfervations  we  are  indebted 
for  the  knowledge  of  their  nature  and  ceconomy. 

Before  thefe  difcoveries  of  Mr.  Trembley,  Leibnitz  and  Boer- 
haave,  by  refleftions  on  the  various  gradations  in  the  fcale  of 
animated  nature,  had  endeavoured  to  prove  that  there  might  be 
degrees  of  life  between  the  animal  and  the  plant,  and  that  animals 
might  be  found  which  would  propagate  by  flips,  like  plants. 
Thefe  conjeffures  were  verified  by  Mr.  Trembley,  but  not  in  con- 
fequence  of  any  preconceived  ideas  in  favour  of  fuch  a fuppo- 
fition ; on  the  contrary,  it  was  only  by  repeated  obfervations  that 
he  could  deftroy  his  own  prejudices,  and  join  thefe  wonderful 
beings  to  the  animal  kingdom. 

Though  natural  hiflory  is  fo  fruitful  in  extraordinary  faffs,  it 
has  hitherto  produced  none  fo  lingular  as  the  various  properties 
of  the  different  fpecies  of  the  hydra. 

I fhall  endeavour,  firft,  to  trace  the  progrefs  of  this  difcovery, 
in  which  we  lhall  fee  with  what  fage  caution  and  accuracy  Mr. 
Trembley,  and  other  naturalifts,  examined  this  wonderful  phe- 
nomenon, and  what  accumulated  evidence  was  judged  neceffary 
to  eftablifh  the  fa£ls. 
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We  find  Mr.  Trembley  writing  in  January,  1741,  to  Mr. 
Bonnet,  that  he  did  not  know  whether  he  fhould  call  the  object 
which  then  engaged  his  attention  a plant  or  an  animal.  “ I have 
ftudied  it,  fays  he,  ever  fince  June  lad,  and  have  found  in  it 
driking  diarafteridics  of  both  plant  and  animal.  It  is  a little 
aquatic  being.  At  fird  fight  every  one  imagines  it  to  be  a plant; 
but  if  it  be  a plant,  it  is  fenhtive  and  ambulant ; if  it  be  an  animal, 
it  may  be  propagated  by  flips,  or  cuttings,  like  many  plants.”  It 
was  not  till  the  month  of  March,  in  the  fame  year,  that  he  could 
fatisfy  himfelf  as  to  their  nature. 

When  Mr.  Reaumur  faw,  for  the  fird  time,  two  polypes  formed 
from  one  that  he  had  divided  into  two  parts,  he  could  hardly 
believe  his  eyes  ; and  even  after  having  repeated  the  operation  an 
hundred  times,  and  again  examined  it  an  hundred  more,  he  fays, 
that  the  fight  was  not  become  familiar  to  him. 

The  fil'd  account  the  Royal  Society  received  of  the  furprizing 
properties  of  this  infefl,  was  in  a letter  from  M.  Buffon  (dated  the 
18th  of  July,  1741)  to  Martin  Folkes,  Efq.  their  prefident,  ac- 
quainting them  with  the  difcovery  of  a fmall  infeft  called  a poly- 
pus, which  is  found  dicking  about  the  common  duck  weed,  and 
which,  being  cut  in  two,  puts  forth  from  the,  upper  part  a tail, 
and  from  the  lower  end  a head,  fo  as  to  become  two  animals 
indead  of  one.  If  it  be  cut  into  three  parts,  the  middlemod  puts 
out  from  one  end  a head,  and  from  the  other  a tail,  fo  as  to  be- 
come three  didinft  animals,  all  living  like  the  fil'd,  and  perform- 
ing the  various  offices  of  their  fpecies  : which  obfervations  are, 
adds  M.  Buffon,  well  averred. 

3 B 2 
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There  is  no  phenomenon  in  all  natural  hiftory  more  aftonifh- 
ing  than  this,  that  man,  at  pleafure,  fhould  have  a kind  of 
creative  power,  and  out  of  one  life  make  two,  each  completely 
formed  with  all  it’s  apparatus  and  funflions,  each  with  it’s  per- 
ceptions and  powers  of  motion  and  felf-prefervation,  each  as 
complete  in  all  refpeffs  as  that  from  which  it  derived  it’s  exift- 
ence,  and  equally  enjoying  the  humble  gratifications  of  it’s, 
nature.* 

Mr.  Folkes,  in  confirmation  of  the  foregoing  article,  commu- 
nicated to  the  fociety  a letter  from  C.  Bentink,  Efq.  at  the  Hague, 
dated  September,  defcribing  the  infeffs  difcovered  by  Mr.  Trem- 
biey,  adding,  that  he  himfelf  had  feen  them.  In  November 
a letter  was  read  from  Dr.  Gronovius,  of  Leyden,  giving  an 
account  of  a water  infeff,  not  yet  known  to  or  defcribed  by  any 
author  ; after  e f cribing  it,  he  adds,  “ but  what  is  more  furprizing, 
if  this  animal  is  cut  into  five  or  fix  pieces,  in  a few  hours 
there  will  be  as  many  animals,  exafily  fimilar  to  their  parent.” 
The  accounts  of  this  animal  were  fo  extraordinary,  that  they  were 
not  credited  until  Profelfors  Albinus  and  Mufl'chenbrock  were 
provided  with  animals,  and  found  all  that  had  been  related  there- 
of to  be  exaflly  true. 

November  25,  a letter  from  Cambridge  was  read  at  the  Royal 
Society,  in  which  the  author  endeavours  to  lefien,  by  reafon,  the 
prejudices  which  then  combated  the  belief  of  thefe  faffs.  “ Some 
of  our  friends,  fays  the  author,  who  are  firmly  attached  to  the 
general  metaphyfical  notions  they  have  formerly  learned,  reafon 
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drongly  againft  the  poffibility  of  fuch  a faff ; but  I have  myfelf 
owned,  on  other  occafions,  my  didrud  of  the  truth,  or  certainty 
at  lead,  of  fome  of  thofe  principles,  and  I fhail  make  no  fcruple  of 
acknowledging,  that  I have  already  feen  fo  many  drange  things 
in  nature,  that  I am  become  very  diffident  of  all  general  affer- 
tions,  and  very  cautious  in  affirming  what  may  or  may  not 
poffibly  be.  The  mod  common  operations,  both  of  the  animal 
and  vegetable  world,  are  all  in  themfelves  adoniflnng,  and 
nothing  but  daily  experience  and  condant  obfervation  can  make 
us  fee,  without  amazement,  an  animal  bring  forth  another  of  the 
fame  kind,  or  a tree  blodom  and  bear  leaves  and  fruit. 

“ The  fame  obfervation  and  experience  make  it  alfo  familiar  to 
us,  that  befides  the  fird  way  of  propagating  vegetables  from  their 
refpeflive  fruit  and  feed,  they  are  alfo  propagated  from  cuttings, 
and  every  one  knows  that  a twig  of  a willow  particularly,  cut  off 
and  only  duck  into  the  ground,  does  prefently  take  root  and 
grow,  and  become  as  real  and  perfeff  a tree  as  the  original  one 
from  which  it  was  taken.  Here  then  we  find  in  the  vegetable 
kingdom,  quite  common,  the  very  thing  of  which  we  have  an  ex- 
ample before  us  in  the  animal  kingdom,  in  this  new-difcovered 
infect.  The  bed  philofophers  have  long  obferved  drong  ana- 
logies between  thefe  two  claffes  of  beings  ; and  the  more  they 
have  penetrated  into  nature,  the  more  they  have  extended  this 
analogy  : now  in  fuch  a fcale,  who  is  the  man  that  will  be  bold 
to  fay,  jud  here  animal  life  entirely  ends,  and  here  vegetable  life 
begins?  or,  jud  fo  far,  and  no  farther,  one  fort  of  operation 
goes;  and  jud  here  another  fort,  quite  different,  takes  it’s  place? 
or  again,  who  will  venture  to  fay,  life  in  every  animal  is  a thing 
abfolutely  different  from  that  which  we  dignify  by  the  fame  name 
4 in. 
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in  every  vegetable  ?”  Thus  does  the  author  endeavour  to  per- 
fuade  the  prejudiced,  and  lead  them  to  pay  attention  to  the  facts 
which  were  now  laid  open  to  their  view,  and  which  were  further 
confirmed  by  a letter  from  Mr.  Trembley,  in  January,  1740  ; 
which  letter  was  ftrengthened  by  an  extraft  from  the  preface  to 
the  fix th  volume  of  Mr.  de  Reaumur’s  hifiory  of  infedts.  In 
March,  1742,  Mr.  Folkes  gave  an  account  of  them  to  the  Royal 
Society,  from  obfervations  made  on  feveral  polypes  which  had 
been  fent  by  Mr.  Trembley  from  Holland  to  him.  The  infedts 
now  began  to  be  known,  and  were  foon  found  in  England,  and 
the  experiments  that  had  been  made  on  them  abroad  were  pub- 
lifhed  by  M.  Folkes,* * * §  my  father,  + and  Mr.  Baker:  J conviHion 
now  became  too  ftrong  for  argument,  and  metaphyfical  obje&ions 
gave  way  to  fadls. 

This  animal  is  deferibed  in  the  following  manner  : § 

Hydra. 

Animal  baft  fe  affigens,  vagum,  gelatinofum,  lineare  nudurn^ 
contraftile.  Os  terminale,  cirrhis  fetaceis  cindlum.  Prolibus 
lateralibus  (autumno  ovis)  deciduis. 

* \ ■ * * i * ' >>1  yy  1 erira 

This  animal  fixes  itfelf  by  it’s  bafe,  it  is  gelatinous,  linear 
naked,  can  contract  itfelf,  and  change  it’s  place.  It’s  mouth, 

which 
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which  is  at  one  end,  is  {unrounded  by  hair,  like  feelers.  It  fends 
forth  it’s  young  ones  from  it’s  fides,  which  drop  off;  but  in  the 
autumn  it  produces  eggs  from  it’s  fide. 

i.  Hydra  viridis,  tentaculis  fubdenis  brevioribus. 

■ i r 1 1_  * 

Green  polype,  generally  with  about  ten  fhort  arms  ; it  is  re- 
prefented  at  Fig.  5,  Plate  XXI. 

2.  Hydra  fufca,  tentaculis  fubo&onis  longiffimis. 

t • ‘ >.  * {■'  T •' r * • * * 

This  polype  has  very  long  arms,  often  eight  in  number;  it  is 
reprefented  at  Plate  XXI.  Fig.  7.  The  arms  are  feveral  times 
longer  than  the  body. 

• ’ * - t r ~ r . . , r , . , . ''■* 

•A  * - - : A • ' . U v.  i.  . 

3.  Hydra  grifea,  tentaculis  fubfeptenis  Iongioribus. 

This  polype  has  alfo  generally  long  arms,  in  number  about 
feven ; it  is  of  a yellowifh  colour,  fmall  towards  the  bottom  ; it  is 
reprefented  at  Fig.  6,  Plate  XXI. 

4.  Hydra  pallens,  tentaculis  fubfenis  mediocribus. 

The  arms  of  this  polype  are  generally  about  fix  in  number, 
and  of  a moderate  length. 

5.  Hydra  hydatula,  tentaculis  quaternis  obfoletis  corpore  vefi- 
cario,  Fig.  1,  2,  3,  4,  Plate  XXI. 

This 
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This  polype  has  a veficular  body,  and  four  obfolete  arms ; is 
found  in  the  abdomen  of  ffieep,  fwine,  See. 

6.  Hydra  ftentorea,  tentaculis  ciliaribus  corpore  infundibuli- 
formi. 

This  polype  has  been  called  tunnel  fhaped ; the  mouth  is  fur- 
rounded  with  a row  of  hairs ; it  is  reprefented  at  Fig.  27  and  28, 
Plate  XXII. 

7.  Hydra  focialis  mutica  torofa  rugofa. 

Bearded  thick  and  wrinkled.  Fig.  11,  Plate  XXI. 

Of  the  Hydra  Viridis,  Hydra  Fusca,  and  Hydra 

Grisea. 

Thefe  three  fpecies  of  the  hydra  having  been  thofe  on  which 
the  greateft  number  of  experiments  have  been  made,  and  of 
which  we  have  the  beft  information,  it  is  of  thefe  only  we  fhall 
fpeak  in  the  following  account,  unlefs  we  give  particular  notice 
thereof  to  the  reader. 

There  are  few  animals  more  difficult  to  deferibethan  the  hydra, 
as  it  has  fcarce  any  thing  conftant  in  it’s  form,  varying  con- 
♦ tinually  in  it’s  figure  ; they  are  often  fo  befet  with  young,  as  to 
appear  ramofe  and  divaricated,  the  young  ones  conftituting  as  it 
were  a part  of  the  parent’s  body. 
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Whoever  has  looked  with  care  at  the  bottom  of  a wet  (hallow 
ditch,  when  the  water  is  ftagnant,  and  the  fun  has  been  powerful, 
may  remember  to  have  feen  many  little  tranfparent  lumps,  of  a 
jelly-like  appearance,  about  the  fize  of  a pea,  and  flatted  on  one 
fide  ; the  fame  appearances  are  alfo  often  to  be  feen  on  the  under 
fide  of  the  leaves  of  thofe  weeds,  or  plants,  that  grow  on  the  furface 
of  the  water ; thefe  are  the  hydra,  gathered  up  into  aquiefcentfiate, 
and  feemingly  inanimate,  becaufe  either  undifturbed,  or  not  ex- 
cited by  the  calls  of  appetite  to  a&ion.  They  are  generally  fixed 
by  one  end  to  fome  lolid  fubftance,  at  the  ether  end  there  is  a 
large  opening,  round  about  which  the  arms  are  placed  as  fo 
many  rays  round  a center,  which  center  is  the  mouth. 

They  are  {lender  and  pellucid,  formed  of  a kind  of  tender  fub- 
ftance, in  confidence  fomething  like  the  horns  of  a fnail,  and  can 
contract  the  body  into  a very  fmall  compafs,  or  extend  it  to  a 
confiderable  length.  They  can  do  the  fame  with  the  arms  ; with 
thefe  they  feize  minute  worms  and  various  kinds  of  aquatic  infeds, 
bring  them  to  the  mouth  and  fwallow  them.  After  the  food  is 
digefted,  and  the  nutritive  parts  which  are  employed  in  fuftaining 
it’s  life  are  feparated  from  the  reft,  they  reject  the  remainder  by 
the  mouth. 

The  firft  polype  which  Mr.  Trembley  difeovered  was  one  of 
the  hydra  viridis,  reprefented  at  Fig.  5,  Plate  XXI.  Thefe  are 
generally  of  a fine  green  colour.  The  indications  of  fpontaneous 
motion  were  firft  perceived  in  the  arms  of  thefe  little  creatures ; 
they  can  extend  or  contract,  bend  and  wind  them  divers  ways. 
Upon  the  flighted  touch  they  contraft  themfelves  fo  much,  as  to 
appear  little  more  than  a grain,  of  a green  fubftance,  the  arms 
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difappearing  entirely.  He  foon  after  found  the  hydra  grifea,  Fig. 
6,  and  faw  it  eat,  fwallow,  and  digeft  worms  much  larger  than 
itfelf.  This  difcovery  was  foon  followed  by  that  of  the  hydra 
fufca.  Fig.  7,  Plate  XXI. 

The  mod  general  attitudes  of  thefe  hydrae  are  thofe  which  are 
reprefented  in  Fig.  5 and  6,  Plate  XXI.  They  fix  the  pofterior 
extiemity  b againft  a plant,  or  other  fubftance,  as  ef\  the  body 
a b,  and  the  arms  a c , being  extended  in  the  water.  There  is  a> 
fmall  difference  in  the  attitudes  of  the  three  kinds  which  we  are 
now  defcribing. 

The  bodies  of  the  hydra  viridis.  Fig.  5,  and  of  the  hydra* 
grifea,  Fig.  6,  diminifh  from  the  anterior  to  the  pofterior  ex- 
tremity by  an  almoft  infenfible  gradation.  The  hydra  fufca  does 
not  diminifh  in  the  fame  gradual  manner,  but  from  the  anterior 
extremity  a to  the  part  d,  which  is  often  two-thirds  of  the  length 
of  their  body,  it  is  nearly  of  an  equal  fize  ; from  this  part  it  be- 
comes abruptly  fmaller,  and  goes  on  from  thence  of  a regular 
fize  to  the  end.  The  number  of  arms  in  thefe  three  kinds  are  at 
leaft  fix,  and  at  moft  twelve  or  thirteen,  though  eighteen  may 
fometimes  be  found  on  the  hydra  grifea.  They  can  contrafl  their 
bodies  till  they  are  not  above  one-tenth  of  an  inch  in  length  ; 
they  can  alfo  flop  at  any  intermediate  degree,  either  of  contrac- 
tion or  extenfion,  from  the  greateft  to  the  leaft.  The  fpecies 
reprefented  at  Fig.  5 are  generality  about  half  an  inch  long 
when  ftretched  out.  Thofe  exhibited  at  Fig.  6 and  7 are  about 
three-fourths  of  an  inch,  or  one  inch,  in  length,  though  fome  are 
to  be  found  at  times  about  an  inch  and  an  half  long.  The  arms 
of  the  hydra  viridis,  Fig.  5,  are  feldom  longer  than  their  bodies  ; 

thofe 


Microscopical  Essays. 


403 

thofe  of  Fig.  6 are  commonly  one  inch  long,  while  thofe  of  Fig. 
7 are  generally  about  eight  inches;  whence  Mr.  Trembley  has 
called  it  the  long-armed  polype. 

The  bulk  of  the  hydrse  decreafes  in  proportion  as  they  extend 
themfelves,  and  vice  verba.  They  may  be  made  to  contraft  them- 
felves,  either  by  touching  them,  or  agitating  the  water  in  which 
they  are  contained.  They  all  contraft  themfelves  fo  much  when 
taken  out  of  the  water,  as  to  appear  only  like  a little  lump  of 
jelly.  They  can  contrabi  or  extend  their  arms  without  extending 
or  contracting  the  body,  or  the  body  without  making  any  altera- 
tion in  the  arms  : or  they  can  contract  or  dilate  only  fome  of  the 
arms,  independent  of  the  reft:  they  can  alfo  bend  their  body  and 
arms  in  all  poftible  dire&ions.  Thofe  reprefented  at  Fig.  7,  let 
their  arms  in  general  hang  down,  making  different  turns  and  re- 
turns, often  directing  fome  of  them  back  again  to  the  top  of  the 
water.  They  can  alfo  dilate  the  body  at  different  places,  fome- 
times  at  one  part,  and  then  again  at  another  ; fometimes  they  are 
thick  fet  with  folds,  which,  if  carelefsly  viewed,  might  be  taken 
for  rings. 

They  have  a progreffive  motion,  which  is  performed  by  that 
power  by  which  they  ftretch  out,  contract,  and  turn  themfelves 
every  way.  For  fuppofe  the  hydra,  or  polype,  a b,  Fig.  16, 
Plate  XXI.  to  be  fixed  by  the  tail  b,  having  the  body  and  arms  a 
extended  in  the  water,  in  order  to  advance,  it  draws  itfelf  toge- 
ther, by  bending  itfelf  fo  as  to  bring  the  head  and  arms  down  to 
the  fubftance  on  which  it  is  to  move ; to  do  this,  it  fixes  the 
head,  or  the  arms,  as  in  Fig.  17  ; when  thefe  are  well  fixed,  it 
L'Ol'ens  the  tail,  and  draws  it  towards  the  head,  as  in  Fig.  18, 
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which  it  again  loofens,  and  refting  on  the  tail,  ftretches  it  out,  as 
in  Fig.  lg.  It  is  eafy  to  fee  from  this  account,  that  their  manner 
of  walking  is  very  analogous  to  that  of  various  terreftrial  and 
aquatic  animals.  They  walk  very  flow,  often  flopping  in  the 
middle  of  a ftep,  turning  and  winding  their  body  and  arms  every 
way.  Their  ftep  is  fometimes  very  Angular,  as  in  the  following 
inftance : fuppofe  the  polype  a b,  Fig.  20,  to  be  Axed  by  the  tail 
b,  the  body  and  arms  being  extended  in  the  water,  it  ftrft  bends 
the  fore-part  towards  the  fubftance  on  which  it  is  moving,  and 
Axes  it  thereto  as  at  a,  Fig.  21  ; it  then  loofens  the  lower  end, 
and  raifes  it  up  perpendicular,  as  in  Fig.  22;  now  bending  the 
body  to  the  other  Ade,  it  Axes  the  tail  as  in  Fig.  23  ; then  Ioofen- 
mg  the  anterior  end,  it  rifes  up,  as  in  Fig.  24. 

They  defcend  at  pleafure  to  the  bottom  of  the  water,  and 
afcend  again,  either  by  the  Ades,  or  upon  fome  aquatic  plants  j 
they  often  hang  from  the  furface  of  the  water,  refling  as  it  were 
upon  the  tail ; at  other  times  they  are  fufpended  by  one  arm  from 
it.  They  walk  alfo  with  eafe  upon  the  furface  of  the  water.  If 
the  extremity  of  the  tail  b.  Fig.  7,  be  examined  with  a mag- 
nifying glafs,  a fmall  part  of  it  will  be  found  to  be  dry,  and  above 
the  furface  of  the  water,  and  as  it  were  in  a little  concave  fpace, 
of  which  the  tail  forms  the  bottom,  fo  that  it  feems  to  be  fufpend- 
ed on  the  furface  of  the  water,  on  the  fame  principle  that  a fmall 
pin,  or  needle,  is  made  to  fwim* 

Hence  when  a polype  means  to  pafs  from  the  Ades  of  the  glafs 
to  the  furface  of  the  water,  it  has  only  to  put  that  part  out  of  the 
water  by  which  it  means  to  be  fupported,  and  give  it  time  to  dry, 
which  it  always  does  upon  thefe  occaftons.  They  attach  them- 
4 felves 
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felves  To  firmly  by  the  tail  to  aquatic  plants.  Hones,  See.  as  not  to 
be  eafily  driven  from  the  place  where  they  have  fixed  themfelves  ; 
they  often  further  firengthen  thefe  attachments,  by  means  of  one 
or  two  of  their  arms,  which  they  throw  out  and  fix  to  adjacent 
fubfiances  as  fo  many  anchors. 

The  mouth  of  the  polype,  or  hydra,  is  fituated  at  the  fore-part 
of  the  body,  in  the  middle  between  the  fhooting  forth  of  the 
arms.  The  mouth  afiumes  different  appearances,  according  to 
the  different  purpofes  of  the  infefl ; fometimes  it  is  lengthened 
out,  and  forms  a little  conical  nipple,  as  at  Fig.  13,  Plate 
XXIII.  A;  fometimes  it  appears  truncated,  as  at  Fig.  8,  Plate 
XXI  ; at  other  times  the  interval  between  the  arms  appears  clofed, 
as  at  Fig.  2 and  12,  Plate  XXIII.  A;  or  hollow,  as  at  Fig.  11, 
Plate  XXIII.  A.  If  it  is  obferved  with  a deep  magnifier,  in 
either  of  the  two  laft  cafes,  a fmall  aperture  may  be  difeovered. 

The  mouth  of  the  polype  opens  into  the  flomach,  which  is  a 
hind  of  bag,  or  gut,  that  goes  from  head  to  tail;  this  may  be 
perceived  by  the  naked  eye,  when  they  are  expofed  to  a ftrong 
light,  or  a candle  placed  on  the  oppofite  fide  to  the  eye  ; for  the 
colour  of  the  polype  does  not  deftroy  the  tranfparency  thereof. 
Fhe  fiomach  will,  however,  be  better  feen,  if  the  eye  be  affified 
by  a deep  magnifier ; one  of  them  is  reprefented  as  highly  mag- 
nified, at  Fig.  8,  Plate  XXI.  To  be  fully  fatisfied  whether  they 
were  perforated  throughout,  Mr.  Trembley  cut  one  tranfverfely 
into  three  parts;  each  piece  immediately  contraffed  itfelf,  and 
became  very  fhort,  and  being  placed  in  a (hallow  glafs  full  of  water, 
and  viewed  through  the  microfcope,  they  were  found  to  be  vifibly 
perforated.  They  are  reprefented  as  they  appear  in  the  micro- 
fcope. 
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feope,  at  Fig.  6,  7,  8,  Plate  XXIII.  A ; it’s  mouth  was  at  the 
anterior  end  a,  Fig.  8,  of  one  of  thefe  parts.  The  tail  was  at 
the  end  I?  of  the  third  part,  Fig.  6;  as  this  piece  was  alfo  per- 
forated, it  plainly  appears,  that  the  tail  of  the  hydra  is  open. 
The  perforation,  which  is  thus  continued  from  one  end  to  the 
other,  is  called  the  ftomach,  becaufe  it  contains  and  digefts  the 
aliments.  The  fkin  which  inclofes  the  bag,  and  forms  the 
ffomach,  is  the  fkin  of  the  polype  itfelf ; fo  that  the  animal  may 
be  faid  to  confift  of  but  one  fkin,  difpofed  in  the  form  of  a tube, 
or  gut,  open  at  both  ends.  On  opening  the  polype,  no  veffels 
are  to  be  diflinguifhed ; and  whatever  be  the  nature  of  it’s  orga- 
nization, it  muff  refide  in  the  fkin. 

The  fkin  muff  be  fo  far  organized,  as  to  perform  all  the  opera- 
tions neceffary  for  the  nutrition  and  growth  of  the  animal,  with- 
out confidering  tliofe  that  are  neceffary  for  it’s  various  motions. 
Whatever  are  the  means  the  Author  of  nature  has  employed  for 
thefe  purpofes,  we  are  ignorant  of  them.  If  their  {kin  is  examined 
by  a microfcope,  it  appears  like  fhagreen,  or  as  if  it  were  cover- 
ed with  little  grains  ; thefe  are  more  or  lefs  feparated  from  each 
other,  according  to  the  degree  in  which  the  body  is  extended  or 
contrafted. 

If  the  lips  of  a polype  be  cut  tranfverfely,  and  placed  fo  that 
the  cut  part  of  the  fkin  may  lie  direftly  before  the  microfcope, 
the  fkin  throughout  it’s  whole  thicknefs  will  be  found  to  confifl  of 
an  infinite  number  of  thefe  grains.  To  know  whether  the  infide 
of  the  itomach  was  formed  of  fimilar  grains,  feveral  of  them 
have  been  laid  open  and  examined  by  the  microfcope  ; the  inte- 
rior furface  was  then  found  to  confift  of  an  immenfe  number  of 

them, 


them,  being  as  it  were  more  fhagreened  than  the  exterior  one, 
and  lefs  tranfparent.  The  grains  are  not  ftrongly  united  to  each 
other,  but  may  be  feparated  without  much  trouble.  Fig.  10, 
Plate  XXIII.  A,  reprefents  a piece  of  fkin  thus  laid  open.  To 
examine  thefe  particulars  further,  a piece  of  fkin  a.  Fig.  9,  was 
laid  in  a few  drops  of  water,  on  a piece  of  glafs,  before  the  mi- 
crofcope,  and  fome  of  the  grains  were  feparated  from  it,  as  at  b 
c d,  by  preffing  them  with  the  point  of  a pin  ; in  endeavouring 
to  open  them,  they  fpread  themfelves  into  all  parts  of  the  water, 
and  at  1 aft  remained  in  heaps,  as  at  e and  f.. 

If  a polype  is  carefully  placed  before  the  microfcope,  without 
wounding  it,  you  will  feldom  be  difappointed  in  feeing  fome  of 
thefe  grains  detach  themfelves  from  the  fuperficies  thereof,  and 
that  even  in  the  moll  healthy. 

But  if  the  grains  feparate  themfelves  in  large  quantities,  it  is  the 
fymptom  of  a very  dangerous  diforder  ; the  furface  of  the  polype 
thus  attached  becomes  more  and  more  irregular,  and  is  no  longer 
well  terminated  and  defined  as  before.  The  mains  fall  off  on  all 

O 

fides,  the  body  and  arms  contraft  and  dilate,  it  becomes  of  a 
white  fhining  colour,  lofes  it’s  form  as  at  a,  Fig.  4,  Plate  XXIII. 
A,  and  then  diffolving  into  a heap  of  grains,  as  at  b.  Fig.  5. 
The  progrefs  of  this  diforder  is  moft  eafdy  obferved  in  the  hydra 
viridis. 

A very  attentive  and  accurate  examination  fhews  that  the  fkin 
is  formed  of  a kind  of  glarous  fubftance,  a fpecies  of  gum,  which 
fills  up  the  intervals  between  the  grains,  in  which  they  are 
lodged,  and  by  which  they  are  attached  (though  weakly)  togethea. 

It 
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It  has  been  already  obferved,  that  it  is  to  thefe  grains  that  it  owes 
it’s  fiiagreen-1  ike  appearance;  it  is  from  them  alio  that  it  derives 
it’s  colour  ; for  when  they  are  feparated  from  the  polype,  they 
aie  the  fame  colour  with  it ; whereas  theglarous  matter  is  without 
any  diftinguilhing  colour.  The  conftruftion  of  the  polype  feems 
then  to  be  confined  to  thefe  glandular  grains,  to  the  vifcous  mat- 
ter, and  the  invifible  fibres  which  a t\  upon  the  glarous  fubftance. 

The  firu&ure  of  the  arms  of  the  polypes  are  very  analogous  to 
that  of  their  body.  When  they  are  examined  by  the  microfcope, 
either  in  a contrafiled  or  dilated  ftate,  their  furface  is  fhagreened  ; 
if  the  arm  be  much  contra&ed,  it  appears  more  fo  than  the  body  ; 
on  the  contrary,  it  appears  leis  fo  in  proportion  as  they  are  more 
extended,  almofi:  quite  fmooth  when  at  their  full  extenfion  ; fo 
that  in  the  hydra  viridis  the  appearance  of  the  arms  is  continually 
varying,  and  thefe  variations  are  more  fenfible  towards  the  ex- 
tremity of  the  arm  than  at  it’s  origin,  as  at  Fig.  10,  Plate  XXI. 
but  more  thinly  fcattered,  or  farther  afunder,  in  the  parts  further 
on,  as  at  Fig.  9,  Plate  XXI.  The  extremity  is  often  terminated 
by  a knob,  the  hairs  which  are  exhibited  in  Fig.  9,  cannot  be 
feen  without  a very  deep  magnifier,  however  they  indicate  a fur- 
ther degree  of  organization  in  this  little  animal. 


All  animals  of  this  kind  have  a remarkable  attachment  to  turn 
towards  the  light,  and  this  might  naturally  induce  the  inquirer  to 
look  for  their  eyes  ; but  how  carefully  foever  this  fearch  has  been 
purfued,  and  however  excellent  the  microfcope  with  which  every 
part  has  been  examined,  yet  no  appearance  of  this  organ  was 
found.  Notwithftanding  this,  they  conflantly  turn  thernfelves 
towards  the  light ; fo  that  if  that  part  of  the  glafs  in  which  we 
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placed  them  be  turned  from  it,  they  will  be  found  the  next  day 
to  have  removed  themfelves  to  the  fide  that  is  next  the  light,  and 
the  dark  fide  will  be  quite  depopulated. 

Of  the  Food  of  the  Hydros,  and  their  Method  of 

SEIZING  AND  SWALLOWING  THEIR  PREY. 

As  the  hydra  fufca,  Fig.  7,  PI.  XXI.  has  the  longed;  arms,  it's 
manner  of  feeding,  and  the  different  manoeuvres  it  makes  ufe  of  to 
feize  and  manage  it’s  prey,  are  more  remarkable  than  thofe  of  the 
two  other  fpecies  ; it  will  be,  therefore,  this  kind  only  which  will  be 
principally  fpoken  of  under  the  prefen t head.  To  view  them 
properly,  they  fhould  be  placed  in  a glafs  feven  or  eight  inches 
deep.  If  the  polype  is  fixed  near  the  top  of  the  glafs.  their  arms 
for  the  moil  part  hang  down  towards  the  bottom.  This  is  a very 
convenient  fituation  for  giving  them  their  food,  and  to  obferve 
how  they  manage  it. 

An  hungry  polype  fpreads  it’s  arms  as  a fifherman  his  nets; 
it  extends  them  every  way,  fo  that  they  form  a circle  of  confider- 
able  extent,  every  part  of  which  is  entirely  within  the  reach  of 
one  of  them  ; in  this  expanded  pofture  it  lies  in  expectation  of 
it’s  food;  whatever  comes  within  the  verge  of  this  circle  is  feized 
by  one  or  another  of  it’s  arms.  The  arms  are  then  contracted  till 
the  prey  is  brought  to  the  mouth,  when  it  is  foon  devoured. 
While  the  arms  are  contracting,  and  exerted  vigoroufly,  (to 
counteract  the  efforts  the  animal  which  it  has  feized  makes  in 
order  to  efcape)  they  may  be  obferved  to  fwell  like  the  mufcles  of 
the  human  body  when  they  are  in  a fiate  of  exertion. 
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The  polype  does  not  always  wait  for  it’s  prey,  it  feels  for  it, 
and  in  a manner  follows  it.  It  may  be  afked,  how  can  it  do  this 
when  it  lias  no  eyes  ? or,  do  the  glandular  grains  anfwer  this 
purpofe  ? Who  can  anfwer  the  queftion  ? what  are  our  own  eyes 
but  glandular  grains  of  a larger  fze  P If  this  fhould  be  the  cafe, 
our  hydra  would  again  exceed  and  realize  the  fables  of  the  an- 
cients, being  an  argus  entirely  compofed  of  eyes.  Be  this  as  it 
may,  they  are  certainly  in  pofleffion  'of  fome  fentiment  by  which 
they  can  perceive  the  approach  of  their  prey,  and  which  renders 
them  attentive  to  all  that  may  confirm  or  deftroy  this  perception. 

When  the  arms  of  a polype  are  extended,  put  a millepedes,  or 
any  kind  of  worm,  into  a glafs,  (fee  Fig.  l,  PI.  XXIV.  A)  and  with 
the  point  of  a pencil  pufh  it  towards  one  of  the  arms;  as  foon  as 
it  touches  this  it  is  feized ; the  worm,  or  millepedes,  endeavours 
by  quick  and  firong  efforts  to  difengage  itfelf,  often  fwimming  and 
dragging  the  arm  from  one  fide  of  the  glafs  to  the  other.  This 
violent  motion  of  the  prey  obliges  the  polype  to  contraft  flrongly 
the  arm,  in  doing  which  it  often  twills  it  in  the  form  of  a cork- 
fcrew,  as  at  o i,  by  which  means  it  fhortens  it  more  rapidly ; the 
ftruggles  of  the  devoted  animal  foon  bring  it  in  contaft  with  ano- 
ther arm,  thefe  contrafting  further,  the  little  creature  is  prefently 
engaged  with  all  the  arms,  which  contraft  fo  much  as  to  convey 

it  to  the  mouth,  againfl  which  it  is  held  and  fubdued. 

\ * 

When  a polype  has  nothing  to  eat,  it’s  mouth  is  generally 
open,  but  fo  fmall  that  it  can  fcarce  be  perceived  without  the 
affiftance  of  a magnifying  glafs ; but  as  foon  as  the  arms  have 
conveyed  the  prey  to  the  mouth,  it  opens  itfelf  wider,  and  this  in 
proportion  to  the  fize  of  the  animal  that  is  to  be  devoured  ; the 
4 - lips 
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lips  gradually  dilate,  and  adjuft  themfelves  accurately  to  the  figure 
of  the  prey.  The  greatefl  part  of  the  animals  on  which  the 
polype  feeds,  are  to  it’s  mouth  what  an  apple,  the  fize  of  our 
heads,  would  be  to  the  mouth  of  a man. 

The  worms,  &c.  which  are  feized  by  the  polype  are  not  always 
brought  to  the  mouth  in  the  fame  fituation ; if  they  are  prefented 
to  it  by  one  of  their  extremities,  it  is  not  requifite  that  the  polype 
Ihould  open  it’s  mouth  confiderably,  and  in  effeft  it  only  opens 
it  fo  wide,  as  precifely  to  give  entrance  to  the  worm.  Fig.  5, 
Plate  XXIV.  A.  If  it  be  not  too  long  for  the  flomach,  it  remains 
there  extended  ; but  if  it  be  longer,  the  end  which  find  enters  is 
bent,  fo  that  when  the  worm- is  entirely  {’wallowed,  it  may  be  feen 
lying  folded  in  the  ftomach.  Fig.  12,  Plate  XXIV.  B. 

If  the  middle,  or  any  other  part  of  the  worm,  be  prefented  to 
the  mouth  of  the  polype,  it  feizes  this  part  with  the  lips,  extend- 
ing them  on  both  fides,  and  applying  them  againft  the  worm,  fo 
that  the  mouth  aflumes  the  form  of  a boat,  pointed  at  each  end, 
Fig.  2,  Plate  XXIV.  A;  the  polype  gradually  clofes  the  two 
points  of  its  boat-like  lips,  and  by  this  motion  and  fuclion 
{'wallows  the  worm.  Fig.  4,  Plate  XXIV.  A. 

A worm  is  killed  fo  foon  by  a polype,  that  Mr.  Fontana  thinks 
they  muff  contain  the  mod  active  and  powerful  venom  ; for  it’s 
lips  fcarce  touch  the  worm  but  it  expires,  fo  great  is  the  energy 
ofthepoifon  it  conveys  into  it,  though  no  wound  can  be  obferved 
in  the  dead  animal. 
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As  foon  as  the  ftomach  is  filled,  it’s  capacity  is  enlarged,  the 
body  is  fhortened,  Fig.  6,  Plate  XXIV.  A,  the  arms  are  for  the 
mod  part  contracted,  the  polype  hangs  down  without  motion, 
and  appears  to  be  in  a kind  of  fiupor,  and  very  different  from  it’s 
extended  fhape  ; but  in  proportion  as  the  food  is  digefted,  and  it 
has  voided  the  excrementitious  parts,  the  body  lengthens,  and 
gradually  recovers  it’s  form. 

The  tranfparency  of  the  polype  permits  us  to  fee  diftin&Iy  the 
worm  which  has  been  fwallowed.  Fig.  12,  Plate  XXIV.  B,  which 
gradually  lofes  it’s  form.  It  is  at  firft  macerated  in  the  ftomach 
of  the  polype,  and  when  the  nutritious  juices  are  feparated  from 
it,  the  remainder  is  difcharged  by  the  mouth,  Fig.  13.  It  is  with 
thefe  as  with  other  voracious  animals,  as  they  eat  a great  deal  at 
once,  fo  alfo  they  can  faff  for  a long  time.  The  hiffory  of  infers 
furnifhes  many  examples  of  this  kind. 

One  circumflance  is  obfervable,  which  probably  contributes 
much  to  the  digeftion  of  their  food,  namely,  that  the  aliments  are 
continually  pufhed  back  from  one  extremity  to  the  other  of  the 
flomach  ; this  motion  may  be  eafily  obferved  with  a microfcope, 
in  a polype  which  is  not  too  full,  and  in  which  the  food  has  been 
already  divided  into  little  fragments.  For  thefe  obfervations,  it  is 
belt  to  teed  the  polype  with  fuch  food  as  will  give  a lively- 
coloured  juice ; as  for  example,  thofe  worms  whofe  intefiines  are 
filled  with  red  fubfiances : for  by  this  means  we  (hall  fee  that 
the  nutritious  juices  are  conveyed  not  only  to  the  extremity  of 
the  body,  but  alfo  into  the  arms,  from  whence  it  is  probable  that 
each  of  the  arms  form  alfo  a kind  of  gut,  which  communicates 
with  that  of  the  body.  Some  bits  of  a final  1 black  fnail,  that  is 
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frequently  to  be  found  in  our  ditches,  was  given  to  a polype. 
The  fubfiance  of  this  fkin  was  foon  reduced  into  a pulp,  confid- 
ing of  little  black  fragments  ; on  examining  the  polype  with  the 
microfcope,  thefe  particles  were  perceived  to  be  driven  about  the 
ftomach,  and  to  pafs  from  head  to  tail,  and  into  their  arms,  even 
where  thefe  were  as  fine  as  a thread ; they  were  afterwards  forced 
into  the  ftomach,  and  from  thence  to  the  tail,  from  whence  they 
were  again  driven  into  the  arms,  and  fo  on. 

The  grains  take  their  tinge  from  the  food  which  nourifhes  the 
polypes  ; thefe  grains  become  red  or  black,  if  the  polype  be  fed 
with  juices  that  are  either  red  or  black  ; and  they  are  more  or  Iefs 
tinged  with  thefe  different  colours,  in  proportion  to  the  ftrength 
and  quantity  of  the  nutritive  juides.  It  is  alfo  obfervable,  that 
they  lofe  their  colour  if  fed  with  aliments  that  are  not  of  the  fame 
colour  with  themfelves. 

The  polypes  feed  on  the  greater  part  of  thofe  infers  that  are  to 
be  found  in  frefh  water.  They  may  be  nourifhed  with  worms,  the 
larva  of  gnats,  &c.  they  will  alfo  eat  larger  animals  if  they  are 
cut  into  frnall  pieces,  as  fnails,  large  aquatic  infedls,  fmall  fifh, 
butchers  meat,  &c.  Sometimes  two  polypes  feize  the  fame 
worm,  and  each  begins  to  fwallow  it’s  own  end*  continuing  fo  to 
do  till  their  mouths  meet.  Fig.  8,  Plate  XX  j.V.  A;  in  this  pofition 
they  remain  for  fome  time,  at  laft  the  worm  breaks,  and  each  has 
it’s  fhare ; fometimes  the  combat  does  not  end  here,  for  each 
continuing  to  difpute  the  prize,  one  of  the  polypes  opens  it’s 
mouth  advantageoufly,  and  fwallows  the  other  with  it’s  portion  of 
the  worm,  fee  Fig.  14,  Plate  XXIV.  A ; this  combat  ends  more 
fortunately  for  the  devoured  polype  than  might  be  at  firft  ex- 
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pebled,  for  the  other  often  gets  the  prey  out  of  it’s  flomach,  but 
lets  it  out  again  found  and  fafe,  after  having  imprifoned  it  above 
an  hour.  From  hence  we  learn,  that  the  Itomach  of  the  polype, 
which  fo  foon  diflolves  the  animal  fubflances  which  are  conveyed 
into  it,  is  not  capable  of  digeffing  that  of  another  polype. 

Fig.  5,  Plate  XXIV.  A,  reprefents  a polype  with  one-half  of  a 
millipedes  in  it’s  mouth,  as  at  a ; the  other  part  without  as  at  m. 
Fig.  1,  Plate  XXIV.  A,  reprefents  one  fufpended  in  water  by  a 
piece  of  packthread  ; cn,  a millipedes  feized  by  it,  and  drawn 
partly  towards  the  mouth  ; i o the  bendings  in  the  arm  ; p an 
arm  in  fearch  of  a fmall  aquatic  infe£L  Fig.  2,  Plate  XXIV.  A,  a 
polype  ffretching  itfelf  into  a boat-like  form,  to  take  or  fwallow 
a worm  lying  fideways.  Fig.  4,  Plate  XXIV.  A,  the  fame  polype 
with  the  worm  fwallowed  and  bent  within  it.  Fig.  6,  the  fame 
plate  is  a polype  in  the  fituation  they  generally  affume  when  they 
have  fatisfied  their  voracious  appetite.  Fig.  7,  one  that  has  fwal- 
lowed a fmall  monoculus.  a,  Fig.  9,  one  whofe  arms  are  loaded 
with  monoculi.  Fig.  10,  a polype  full  of  them  from  head  to  tail. 
Fig.  3,  one  that  has  only  fwallowed  a few  of  them. 

In  this  paragraph  I {hall  fpeak  of  fome  of  the  figures  contained 
in  Plate  XXIV.  B.  Fig.  12,  a worm  feen  within  the  fkin  of  a 
polype.  Fig.  13,  difgorging  the  excrementitious  parts  thereof. 
Fig.  11  reprefents  one  engaged  with  a very  large  worm. 

Fig.  8,  Plate  XXIV.  A,  reprefents  two  polypes  engaged  in 
combat  for  a worm,  of  which  both  of  them  have  fwallowed  a 
* part. 


Fig. 
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Fig.  12,  Plate  XXI.  a polype  that  has  fwallowed  a fmall  fifh, 
and  taken  the  fhape  thereof. 

Of  the  Generation  of  the  Hydra:. 

As  the  hydra  fufca  and  the  hydra  grifea  are  confiderably  larger 
than  the  hydra  viridis,  it  is  more  eafy  to  obferve  the  manner  of 
their  producing  their  young.  It  is  upon  thefe,  therefore-,  that 
moft  of  the  obfervations  here  recited  have  been  made.  If  one  of 
them  be  examined  in  fummer,  when  the  animals  are  moft  adlive 
and  more  particularly  prepared  for  propagation,  it  will  be  found 
to  burgeon  forth  from  it’s  fides  feveral  little  tubercles,  or  knobs, 
which  grow  larger  and  larger  every  day ; after  two  or  three  days 
infpcdlion,  what  at  firft  appeared  but  a fmall  excrefcence,  takes 
the  figure  of  a fmall  animal,  entirely  refembling  it’s  parent. 

When  a young  polype  firft  begins  to  (hoot,  the  excrefcence 
terminates  in  a point  as  at  e,  Fig.  24,  Plate  XXIV.  B,  fo  that  it 
is  rather  of  a conical  figure,  and  of  a deeper  colour  than  that  of 
the  body.  This  cone  foon  becomes  truncated,  and  in  a little 
time  appears  cylindrical.  The  arms  then  begin  to  (hoot  from  the 
anterior  end  c i,  Fig.  24,  Plate  XXIV.  B.  The  tail  adheres  to 
the  body  of  the  parent,  but  grows  gradually  fmaller,  till  at  laft  it 
only  adheres  by  a point  b,  Fig,  23,  Plate  XXIY.  B ; it  is  then 
ready  to  be  feparated  ; for  this  purpofe  the  mother  and  young 
ones  fix  themfelves  to  the  glafs,  or  other  fubftance  upon  which 
they  may  be  fituated.  They  have  then  only  to  give  a fudden 
jerk,  and  they  are  divided  from  each  other.  I here  are  fome 
trifling  differences  to  be  obferved  now  and  then  in  their  perform- 
ing this  operation,  which  it  would  be  too  tedious  to  enumerate 

here. 
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here.  A polype,  a b,  Fig.  20,  with  a young  one,  c d,  places 
it’s  body  in  an  arch  of  a circle  adb,  againft  the  Tides  of  the  glafs, 
the  young  one  being  fixed  at  the  top  d of  the  arch,  with  it’s  head 
alfo  fixed  againft  the  glafs  ; fo  that  the  mother,  by  contrafting  the 
body,  and  thus  becoming  ftrait,  loofens  herfelf  from  the  young 
one. 

The  young  ones  ftioot  in  proportion  to  the  warmth  of  the  wea- 
ther, and  the  nature  of  the  food  eaten  by  the  mother  ; fome  have 
been  obferved  to  be  perfeftly  formed  in  twenty-four  hours,  while 
others  have  required  fifteen  days  for  the  fame  purpofe ; the  firft 
were  produced  in  the  midft  of  fummer,  the  latter  in  a cold 
feafon. 

The  tail  of  the  young  polype  communicates  with  and  partakes 
of  the  food  from  the  parent  in  the  fame  manner  as  it’s  own  arms  do, 
and  the  food  lies  in  the  fame  manner  as  in  the  arms.  When  this 
fcetus  is  furnifhed  with  arms,  it  catches  it’s  prey,  fwallows,  digefts, 
and  diftributes  the  juices  thereof,  even  to  the  parent  body  ; every 
good  is  common  to  each.  Here  then  we  have  evident  commu- 
nication between  the  foetus  and  the  mother ; this  communication 
was  further  proved  by  the  following  experiment.  A large  polype 
(one  of  the  hydra  fufca)  was  placed  on  a flip  of  paper,  in  a little 
water;  the  middle  of  the  body  of  the  young  one  was  cut,  and 
the  fuperior  part  of  that  end  which  remained  fixed  to  the  parent 
was  found  to  bd  open.  The  parent  polype  was  then  cut  on  each 
fide  of  the  (hoot.  Thus  a fhort  cylinder  was  obtained,  which  was 
open  at  both  ends.  This  being  viewed  through  a microfcope,  the 
light  was  feen  to  come  through  the  fide  flip,  or  young  one,  into 
the  ftomach  of  the  old  one.  For  further  convi&ion,  the  cylindri- 
cal 
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cal  portion  was  cut  lengthways ; on  obferving  thefe  parts,  not 
only  the  hole  t of  communication,  Fig.  17,  Plate  XXIV.  B,  was 
diflintfly  feen,  but  one  might  fee  through  the  end  o of  the  young 
one.  On  changing  the  fituation  of  thefe  two  pieces  of  prepared 
polypi,  and  looking  through  the  opening  e,  Fig.  18,  the  day- 
light was  feen  through  the  hole  of  communication  i. 

This  communication  between  the  parent  polype  and  it’s  young 
ones  may  be  feen  on  feeding  them ; for  after  the  parent, 
a b,  Fig.  22,  Plate  XXIV.  B,  has  eaten,  the  body  of  the  young 
ones  (well,  being  filled  with  the  aliments  as  if  they  themfelves  had 
been  eating.  In  the  hydra  fufca  the  young  ones  do  not  proceed 
from  the  tail  part  b c,  Fig.  16,  Plate  XXIII.  B,  but  only  from  the 
part  ac,  with  this  exception,  there  is  no  particular  part  of  the 
body  before  the  reft,  on  which  they  produce  their  young.  Some 
of  them  have  been  fo  clofely  obferved,  and  have  fo  greatly  mul- 
tiplied, that  there  would  be  fcarce  any  impropriety  in  faying  they 
produced  their  young  ones  from  all  the  exterior  parts  of  the 
body.  A polype  puts  forth  often  five  or  fix  young  ones  at  the 
fame  time.  Mr.  Trembley  has  had  fome  that  have  produced  nine 
or  ten  at  the  fame  time,  and  when  one  dropped  off  another  came 
in  it’s  place. 

Though  Mr.  Trembley  had  for  two  years  fhoufands  of  them 
under  his  eye,  and  confidered  them  with  the  moll  fcrupulous  at- 
tention, he  never  obferved  any  thing  like  copulation.  To  be 
more  certain  on  this  head,  he  took  two  young  ones  the  inflant 
they  came  from  their  parent,  and  placed  them  in  feparate  glaffes ; 
they  both  multiplied,  not  only  themfelves,  but  their  offspring, 
which  were  feparated  and  watched  in  the  fame  manner  to  the 
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feventh  generation ; nay,  they  have  even  the  faculty  of  multiply- 
ing while  they  adhere  to  the  parent.  The  arms  of  the  young 
ones  do  not  fprout  till  the  body  has  attained  fome  length. 

Several  excrefcencies,  or  buds,  often  appear  at  the  fame  time 
on  a polype,  which  are  fo  many  polypes  growing  from  one  trunk ; 
whilft  thefe  are  developing,  they  alfo  bud,  which  buds  again  put 
forth  little  ones,  the  parent  and  the  young  ones  forming  a lingular 
kind  of  animal  fociety,  in  which  all  participate  of  the  fame  life,, 
and  the  fame  wants.  In  this  hate  the  parent  appears  like  a fhrub 
thick  fet  with  branches.  Several  generations  are  often  thus 
attached  to  one  another,  and  all  to  the  parent  polype ; after  a 
time,  this  tree  of  polypes,  or  hydrac,  is  decompofed,  and  gives 
birth  to  new  generations,  or  frefli  genealogical  trees.  Here  we 
fee  a furprizing  chain  of  exigence  continued,  and  numbers  of 
animals  naturally  produced,  without  any  union  of  fexes. 

From  Fig.  16,  Plate  XXIII.  B,  the  reader  may  form  an  idea  of 
the  promptitude  with  which  thefe  creatures  increafe  and  multiply ; 
the  whole  group  formed  by  the  parent  and  it’s  young  was  about 
an  inch  and  an  half  long,  and  one  inch  broad,  the  arms  of  the 
mother  and  her  nineteen  little  ones  hanging  down  towards  the 
bottom  of  the  vellel ; the  animal  would  eat  about  twelve  mono- 
culi  per  day,  and  the  little  ones  about  twenty  among  them,  or 
rather  more  than  thirty  for  the  groupe. 


Of  the  Re-production  of  Polypes. 


A polype  cut  tranfverfely,  or  longitudinally,  in  two  or  three 
parts,  is  not  deflroyed,  each  part  in  a little  time  becomes  a 
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pcrfeft  polype.  This  fpecies  of  fecundity  is  fo  great  in  thefe  ani- 
mals, that  even  a fmall  portion  of  their  fkin  will  become  a little 
polype,  a new  animal  riling  as  it  were  from  the  ruins  of  the  old5 
each  fmall  fragment  yielding  a polype.  If  the  young  ones  are 
mutilated  while  they  grow  upon  the  parent,  the  mutilated  parts 
are  re-produced ; the  fame  changes  fucceed  alfo  in  the  parent. 
A truncated  portion  will  put  forth  young  before  it  is  perfedlly 
formed  itfelf,  or  has  acquired  it’s  new  head  and  tail ; fome- 
times  the  head  of  the  young  one  fupplies  the  place  of  that  which 
would  grow  out  of  the  anterior  part  of  the  trunk. 

If  a polype  is  (lit,  beginning  at  the  head,  and  proceeding  to  the 
middle  of  the  body,  a polype  will  be  formed  with  two  heads,  and 
will  eat  at  the  lame  time  with  both.  If  the  polype  is  fit  into  fix 
or  feven  parts,  it  becomes  a hydra,  with  fix  or  feven  heads.  If 
thefe  are  again  divided,  we  flrall  have  one  with  fourteen  ; cut  off 
thefe,  and  as  many  new  ones  will  fpring  up  in  their  place,  and 
the  heads  thus  cut  off  will  become  new  polypes,  of  which  fo 
many  new  hydras  may  again  be  formed : fo  that  in  every  refpefl 
it  exceeds  the  fabulous  relation  of  the  Lernean  hydra. 

As  if  the  wonders  already  related  of  the  polype  were  not  fuf- 
ficient  to  engage  our  attention  to  thefe  fingular  animals,  new 
circumftances,  as  furprizing  as  the  foregoing,  prefent  themfelves 
to  convince  us  of  the  imperfe&ion  of  our  ideas  of  animality,  and 
of  the  greatnefs  of  the  power  of  our  Lord  and  Saviour,  who  is 
the  fource  and  origin  of  every  degree  of  life,  in  all  it’s  immenfe 
gradations,  as  unity  is  the  origin  of  number,  in  all  its  varied 
feries,  multiplied  proportions  and  combinations  ; now  as  numbers 
may  be  confidered  as  being  recipient  of  unity,  in  order  to  make 
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manifeft  the  wonderful  powers  thereof,  fo  the  univerfe  and  it's 
parts  are  adapted  to  receive  life  from  the  fource  of  all  life,  and 
thus  become  reprefentatives  of  his  immenfity  and  eternity. 

The  polypes  may  be  as  it  were  grafted  together.  If  the  trun- 
cated portions  of  a polype  are  placed  end  to  end,  and  then 
pufhed  together  with  a gentle  force,  they  will  unite,  and  form 
a fingle  one.  The  union  is  at  firfi  made  by  a fine  thread, 
and  the  portions  are  diftinguifhed  by  a narrow  neck,  which 
gradually  fills  up  and  difappears,  the  food  palling  from  one 
portion  to  another.  Portions,  not  only  of  the  fame,  but 
pieces  of  different  polypes,  may  be  thus  united  together.  You 
may  fix  the  head  of  one  polype  to  the  trunk  of  another.  And 
that  which  is  thus  produced  will  grow,  eat,  and  multiply  like 
another. 

There  is  fiill  another  method  of  uniting  thefe  animals  together, 
more  wonderful  in  it’s  nature,  and  lefs  analogous  to  any  known 
principles  of  animation,  and  more  difficult  to  perform.  It  is 
effefted  by  introducing  one  within  the  other,  forcing  the  body 
of  one  into  the  mouth  of  the  other,  and  pufhing  it  down  fo  that 
their  heads  may  be  brought  together ; in  this  date  it  muff  be 
kept  for  fome  time ; the  two  individuals  are  at  lafl  united,  and 
grafted  into  each  other  ; and  the  polype,  which  was  at  firff  dou- 
ble, is  converted  into  one,  with  a large  quantity  of  arms,  and 
performs  all  it’s  fun£fions,  like  another. 

The  hydra  fufca  furnifhes  us  with  another  prodigy,  to  which 
we  know  nothing  that  is  fimilar,  either  in  the  animal  or  vegetable 
kingdom.  They  may  be  turned  infide  out  like  a glove,  and 
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notwithftanding  the  apparent  improbability  of  the  circumftance, 
they  live  and  aft  as  before.  The  lining,  or  coating,  of  the 
ftomach  now  forms  the  epidermis,  and  the  former  epidermis  now 
eonftitutes  the  coating  of  the  ftomach.  A polype  thus  turned 
may  often  have  young  ones  attached  to  it’s  fide.  If  this  is  the 
cafe,  after  the  operation  they  are  of  courfe  inclofed  in  the  ftomach. 
Thofe  which  have  acquired  a certain  fize  extend  themfelves  to- 
wards the  mouth,  that  they  may  get  out  when  feparated  from  the 
body  ; thofe  which  are  but  little  grown  turn  themfelves  infide  out, 
and  by  this  means  place  themfelves  again  on  the  outftde  of  the 
parent  polype. 

The  polype  thus  turned,  combines  itfelf  a thoufand  different 
ways.  The  fore-part  often  clofes  itfelf,  and  becomes  a fuper- 
numerary  tail.  The  polype  which  was  at  firft  ftrait,  now  bends 
itfelf,  fo  that  the  two  tails  refemble  the  legs  of  a pair  of  compaftes, 
which  it  can  open  and  (hut.  The  old  mouth  is  at  the  joint  as  it 
were  of  the  compaftes  ; it  cannot,  however,  aft  as  one,  fo  that  a 
new  one  is  formed  near  it,  and  in  a little  time  you  have  a new 
fpecies  of  hydra  with  feveral  mouths,. 

Fig.  18,  Plate  XXIII.  B,  reprefents  the  upper  part  of  a polype 
that  has  been  divided  into  two  parts,  a the  upper,  c the  lower 
part,  the  end  c being  fomething  larger  than  that  of  a common 
polype,  and  is  fenfibly  perforated  ; in  the  fummer  time  this  part 
often  walks  and  eats  the  fame  day  it  is  cut. 

Fig.  17,  the  other  part  of  the  fame  polype;  the  anterior 
end  is  very  open,  and  the  edges  of  it  turned  a little  outwards, 
which  afterwards  folding  inwards,  clofe  the  aperture.  This  end 
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now  appears  fwelled,  as  at  c,  Fig.  21 ; the  arms  fhoot  out  from 
this  end ; at  firft  three  or  four  points  only  begin  to  fhcot,  as  at  c, 
Fig.  20,  and  while  thefe  increafe  in  fize,  others  appear  between 
them  ; they  can  feize  their  prey,  and  eat  before  their  arms  have 
done  growing.  In  the  height  of  fummer,  the  arms  will  often 
begin  to  (hoot  in  twenty-four  hours  ; but  in  cold  weather  it  will 
be  fifteen  or  twenty  days  before  the  head  is  formed. 

Fig.  22  reprefents  a polype  that  was  cut  clofe  under  the  arms  ; 
this  became  alfo  a complete  animal  in  a little  time. 

The  fides  of  a polype,  that  has  been  cut  longitudinally,  roll 
themfelves  up  in  different  ways,  generally  beginning  at  one  of  the 
extremities,  rolling  itfelf  up  in  a heap,  as  at  Fig.  19,  Plate 
XXIII.  B,  with  the  outlide  of  the  fkin  inwards ; it  foon  unrolls  it- 
felf, and  the  cut  fides  form  themfelves  into  a tube,  whereof  the  edges 
a b and  e i.  Fig.  15,  on  both  fides,  meet  each  other  and  unite. 
Sometimes  they  begin  to  join  at  the  tail  end,  at  other  times  the 
whole  fides  gradually  approach  each  other.  The  fides  join  fo 
clofe,  that  from  the  fii  ft  moment  of  their  jun&ion  no  fear  can  be 
difeovered. 

Fig.  14,  Plate  XXIII.  B,  reprefents  a polype  partly  joined,  as 
at  i b,  the  part  c a e not  yet  clofed. 

Fig.  29,  Plate  XXIII.  B,  reprefents  a polype,  the  heads  of 
which  have  been  repeatedly  divided,  by  which  means  it  becomes 
literally  a hydra. 
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Fig.  24  reprefents  a polype  that  had  been  turned,  endeavouring 
to  turn  itfelf  back  again,  the  (kin  of  the  anterior  part  lying  back 
upon  the  other;  the  arms  varying  in  their  dire&ion,  being  fome- 
times  turned  towards  the  head,  fee  Fig.  24  and  26,  Plate  XXIIT. 
B,  at  others  towards  the  tail.  The  anterior  extremity  c,  formed 
by  the  edges  of  the  reverfed  part  a,  remained  open  for  fome 
days,  and  then  began  to  clofe,  new  arms  (hot  out  near  the  old 
ones,  and  feveral  mouths  were  formed  at  thofe  parts  where  the 
arms  joined  the  body. 

Fig.  23,  25,  27,  28,  reprefent  the  different  changes  that  took 
place  in  another  polype  that  had  been  turned  infide  out,  and  the 
different  revolutions  it  went  through  before  it  acquired  a fixed 
ftate.  a c always  (hews  the  part  the  polype  had  turned  back,  and 
a b the  part  it  could  not  turn  back. 

A polype,  which  has  been  partly  turned  back,  remains  but  a 
little  time  in  that  fituation.  a.  Fig.  28,  Plate  XXIII.  B,  the 
part  where  the  portion  it  had  turned  back  joined  to  the  body  a b ; 
this  became  ftrait,  and  formed  a right  angle  with  a b ; the  fame 
day  another  head  appeared  at  e,  and  feveral  arms,  a o a n,  began 
to  (hoot  from  the  mouth  a ; at  the  other  fide  of  this  mouth  there 
were  the  old  arms  ad.  The  next  day  the  portion  a c was  drawn 
near  the  body,  and  formed  an  acute  angle  with  it,  as  at  Fig.  25. 
Fig.  27  reprefents  the  fame  fwelled,  after  having  fwal lowed  a 
worm.  Four  days  afterwards  it’s  form  had  varied  confiderably, 
as  may  be  feen  by  comparing  Fig.  25  and  28,  having  now  one 
common  mouth  and  two  fmall  polypes  growing  on  it. 


We 


Microscopical  Essays. 


4M 

We  may  now  be  permitted  to  make  a few  reflections  on  tins 
Angular  animal.  On  confidering  the  various  properties  that  have 
been  already  defcribed,  we  (hall  find  in  them  many  particulars 
that  are  very  analogous  to  others  that  are  continually  carrying  on 
around  us ; we  perceive  that  there  is  a fucceflive  unfolding  of  new 
parts.  In  every  organized  frame  there  is  a continual  effort  to 
extend  it’s  fphe-re  of  action,  and  enlarge  the  operation  of  that 
portion  of  life  which  is  communicated  to  it.  This  gradual  evolu- 
tion requires  a fecret  and  curious  mechanifm  to  regulate  and 
modify  by  re-aftion  the  continued  conatus  of  the  forming  prin- 
ciple within  it.  The  polype  is  an  organized  whole,  of  which 
each  part,  each  molecule,  each  atom,  tends  to  produce  another ; 
it  is,  if  we  may  fo  fpeak,  one  entire  ovary,  a compound  of  germ, 
or  feed.  In  cutting  a polype  to  pieces,  the  nourifhing  juices,  which 
would  have  been  employed  in  fupporting  the  whole,  are  made 
to  aft  upon  each  portion. 

When  a polype  is  divided  longitudinally,  it  forms  two  half 
tubes ; the  oppcfite  edges  of  thefe  approach,  and  in  a very  fhort 
time  form  a perfeft  tube.  The  fides  are  made  to  touch  each 
other  by  certain  motions  and  contractions  of  the  piece ; but  as 
foon  as  the  edges  come  in  contaft,  a flight  adhefion  takes  place, 
the  correfponding  veflels  unite,  and  new  ones  are  unfolded,  as  in 
a vegetable  graft ; by  this  means,  the  points  of  conneftion  and 
cohefion  are  multiplied,  the  motion  of  the  fluids  are  re-eftablifhed, 
and  with  them  the  vital  ceconomy.  This  is  performed  with  more 
rapidity  than  in  vegetables,  becaufe  the  polype  is  nearly  gelati- 
nous, and  it’s  parts  are  extremely  duftile ; this  duftility  is  fup- 
ported  and  preferved  by  the  element  which  it  inhabits.  The  fame 
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Teafoning  applies  equally  to  explain  the ' formation  of  fo  many 
heads  to  a polype,  as  conftitute  it  a real  hydra. 

A new  polype  is  formed  out  of  fmall  portions,  or  fragments, 
in  a very  different  manner,  the  operations  in  nature  being  always 
varied,  according  as  the  circumftances  differ ; each  fragment  is 
puffed  up,  the  (kin  feparated,  and  an  empty  fpace  is  formed 
within  it ; this  part  is  to  become  the  ftomach  of  the  rifing  polype, 
which  foon  fends  forth  arms,  and  is  formed  to  the  perfection 
proper  to  it’s  kind.  We  learn  from  this  inffance,  that  the  fkin  of 
the  polype  is  not  fo  fimple  as  was  at  firft  imagined ; for  we  find 
it  dividing  itfelf  into  two  membranes,  and  forming  thereby  a 
cavity  fit  to  perform  all  the  funftions  of  a ftomach  ; but  why 
thefe  membranes  are  feparated  in  the  fmall  portions,  and  not  in 
the  larger,  we  cannot  tell ; but  though  we  are  ignorant  of  this, 
and  many  more  circumftances  relative  to  the  re-produ£tion  of  thefe 
little  animals,  yet  the  foregoing  faffs  enable  us  to  underftand 
better  the  nature  of  the  exiftence  of  thofe  polypes  which  have 
been  turned  infide  out. 

For  as  that  part  which  formed  the  interior  fkin  of  the  ftomach, 
in  the  little  fragments  before-mentioned,  became  the  exterior  part 
of  the  animal,  the  infide  of  the  polype  is  confequently  fo  fimilar 
to  the  exterior  fkin,  that  one  may  be  fubftituted  for  the  other, 
without  injuring  the  vital  funffions ; from  hence  we  might,  in 
fome  meafure,  have  inferred  the  poftibility  of  the  polypes  living 
after  it  has  been  turned  infide  out,  independent  of  the  faff  itfelf. 

The  vifcera  of  the  animal  are  fituated  in  the  thicknefs  of  the 
fkin,  and  abforbing  pores  are  placed  both  on  the  infide  and  out- 
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fide,  fo  tliat  the  animal  can  live  “whether  the  Ikin  is  turned  one 
way  or  the  other.  The  Author  of  nature  did  not  create  the 
polype  to  be  turned  as  we  turn  a glove ; but  he  formed  an  animal 
whofe  vifcera  were  lodged  in  the  thicknefs  of  the  (kin,  and  with 
powers  to  refill;  the  various  accidents  to  which  it  was  unavoidably 
ex pofed  by  the  nature  of  it’s  life  ; and  the  organization  necefiary 
for  this  purpofe  was  fo  conftruffed,  that  the  Ikin  might  be  turned' 
without  deftroying  life.- 

Every  portion  of  a divided  polype  has,  like  the  vegetable  bud,, 
all  the  vifcera  necelfary  to  it’s  exiftence ; it  can,  therefore,  live  by 
itfelf,  and  pufh  forth  a head  and  tail,  when  placed  end  to  end 
againft  another  piece.  The  vegetation  confifts  in  uniting  the  por- 
tions, the  velfels  of  each  part  increafe  in  length,  and  a commu- 
nication is  foon  formed  between  them,  which  unites  the  whole. 
The  eafe  with  which  the  parts  unite,  is,  as  has  been  obferved  be- 
fore, probably  owing  to  their  gelatinous  nature ; for  we  find 
many  fimilar  inftances  in  tender  lubftances.  The  folid  parts  of 
the  embryo,  as  the  fingers,  unite  in  the  womb  ; tender  fruit  and 
leaves  may  be  alfo  thus  united. 

A portion  of  thefe  creatures  is  capable  of  devouring  if  s prey 
almoft  as  foon  as  it  is  divided  from  the  reft.  In  the  ftruclure  of 
thofe  animals  which  are  moft  familiar  to  us,,  a particular  place  is 
appropriated  for  the  developement  and  paflage  of  the  embryo. 
But  on  the  body  of  an  animal,  which,  like  a tree,  is  covered 
with  prolific  gems,  it  is  not  furprizing  that  the  young  ones  Ihouid 
proceed  from  it’s  fides,  like  branches  from  a tree.  The  mother 
and  her  young  ones  form  but  one  whole  ; file  nourifhes  them,  and 
they  contribute  to  her  exiftence,  as  a tree  fupports  and  is  recipro- 
cally fupported  by  it’s  branches  and  leaves, 
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Of  the  Hydra  Pallens. 

The  hydra  pallens  has  been  defcribed  only  by  M.  Roefel, 
Infec.  3,  Polyp.  465,  Plate  76,  77 ; it  is  very  feldom  to  be  met 
with,  is  of  a pale  yellow  colour,  and  grows  fmaller  gradually 
from  the  bottom,  the  tail  is  Fomewhat  round  or  knobbed,  the 
arms  are  about  the  length  of  the  body,  of  a white  colour,  and 
generally  feven  in  number,  apparently  compofed  of  a chain  of 
globules  ; it  brings  forth  the  young  from  all  parts  of  it’s  body. 
Linnaeus  defines  it  as  hydra  pallens  tentaculis  fubfenis  mediocribus. 
Pallas  as  hydra  attenuata  corpore  flavefeente,  furfum  attenuato. 

Of  the  Hydra  Hydatula. 

The  next  in  order  is  the  hydra  hydatula,  which  we  have 
already  defined  from  Linnaeus  as  a hydra  with  four  obfolete  arms, 
and  a vehicular  body : it  is  fpoken  of  by  many  medical  writers, 
who  are  enumerated  in  the  Syftema  Naturae,  p.  1321.  It  is 
defcribed  alfo  by  Hartman,  mife.  nat.  cur.  dec.  I.  an.  7,  obf.  20b, 
dec.  II.  an.  4,  obf.  73,  as  hydatis  animata ; alfo  in  the  differt. 
de  inf.  viv.  p.  50,  n.  6,  taenia  hydatoidea.  Pallas  defines  it  as 
taenia  hydatigena  rugis  imbricata  corpore  poftice  bulla  lymphaticae 
terminato.  The  defeription  I (hall  give  the  reader  will  be  ex- 
trafled  from  the  Philofophical  Tranfadlions,  No.  193,  by  Dr. 
Tyfon,  who  names  it  lumbricus  hydropicus. 

In  the  diffe&ion  of  a gazella,  or  antelope.  Dr.  Tyfon  obferved 
feveral  hydatides,  or  films,  filled  with  water,  about  the  bignefs  of 
a pigeon’s  egg,  and  of  an  oval  form,  fafiened  to  the  omentum,  and 
fome  in  the  pelvis,  between  the  bladder  of  urine  and  the  re£tum  ; 
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and  he  then  fufpefted  them  to  be  a particular  fort  of  infeft,  bred* 
in  animal  bodies,  or  at  lead  the  embryos  or  eggs  of  them, 
2.  Becaufe  he  obferved  them  included  in  a membrane,  like  a 
matrix,  fo  loofely,  that  by  opening  it  with  the  finger,  or  a knife, 
the  internal  bladder,  containing  the  ferum  or  lympha,  feemed  no 
where  to  have  any  connexion  with  it,  but  would  very  readily 
drop  out,  llill  retaining  it’s  liquor,  without  fpilling  any  of  it,. 
2.  He  obferved  that  this  internal  bladder  had  a neck,  or  white 
body,  more  opake  than  the  reft  of  the  bladder,  and  protuberant 
from  it,  with  an  orifice  at  it’s  extremity,  by  which,  as  with  a 
mouth,  it  exhaufted  the  ferum  from  the  external  membrane,  and 
fo  fupplied  it’s  bladder,  or  ftomach.  3.  Upon  bringing  this  neck, 
near  the  candle,  the  neck  moved  and  fhortened  itfelf.  Fig.  1, 
Plate  XXI.  reprefents  one  of  thefe  watery  bladders  inclofed  in  it’s, 
external  membrane,  it’s  fhape  was  nearly  round,  being  only  a little 
depreffed,  or  flatted,  as-  a drop  of  quickfilver  will  be  by  lying  on 
a plane.  In  Fig.  2 the  neck  is  better  feen ; the  external  membrane 
being  taken  off,  an  open  orifice  is  found  at  it’s  extremity  ; it 
confifts  of  circular  rings,  or  incifures,  which  are  more  vifible 
when  magnified,  as  in  Fig.  3 ; it  then  appears  granulated 
with  a number  of  little  eminencies  all  over  the  furface ; the 
orifice  at  the  extremity  feems  to  be  formed  by  retracing  itfelf  im 
wards,  and  upon  trial  it  was  found  to  be  fo ; for  in  Fig.  4,  the 
neck  of  this  polype  is  reprefented  magnified  and  drawn  out  it’s 
whole  length  ; on  opening  it  there  were  found  within,  the  two 
firings  a a,  which  probably  convey  into  the  ftomach  the  moifture 
and  nourifhment,  which  the  animal,  by  protruding  it’s  neck,  ex- 
tradls  from  the  external  membrane,* 

Hydra 

* Hydra  hydatula  habitat  iu  abdomine  maramalium,  ovium,  fuum,  murium,  Sec, 
inter  peritoneum  et  inteftina.  Vefica  lymphatica,  pelliicida,  magnitudine  prim/, 
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Hydra  Stentorea.  Fig.  27  and  28,  Plate  XXII. 

Tentaculis  ciliaribus  corpore  infundibuliformi. 

The  arms  of  this  hydra  are  rows  of  Ihort  hairs,  the  body 
trumpet-fhaped. 

Thisfpecies  of  hydra  is  very  common,  and  has  been  defcribed 
by  almott  every  writer  on  thefe  fubjebls ; it  is  placed  by  Muller 
among  the  vorticellae. 

l 

Vorticella  flentorea  caudata,  elongata,  tubasformis  limbo  cili- 
ato.  Muller  animalcula  infuforia. 

They  are  named  by  Mr.  Baker  and  Mr.  Trembley  the  funnel- 
like polype. 

There  are  three  fpeeies  of  them,  which  are  of  different  colours* 
green,  blue,  and  white.  The  white  ones  are  the  mod  common. 
It  is  necefl'ary  to  obferve  them  often,  and  in  various  attitudes,  in 
order  to  obtain  a tolerable  idea  of  their  ftru&ure.  They  do  not 
form  clutters,  but  adhere  fingly  by  their  tail  to  whatever  comes  in 
their  way ; their  anterior  end  is  wider  than  the  pofterior,  and 
being  round  gives  the  animal  fomewhat  of  a funnel  form,  though 
it  is  not  completely  circular,  having  a fort  of  flit,  or  gap,  that 
interrupts  the  circle.  The  edge  of  this  opening  is  furniflied  with 
a great  number  of  little  fimbrillas,  which  by  their  brifk  and  con- 
tinual 

petiolata  corpore  cylindrico,  in  cuju^  apice  os,.  quoJco.poie  comprefTo,  movet  icr^ 
tocula  vix.  manifefla.  Lin.  Syft.  Nat.  p.  1321, 
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tinual  motions,  excite  a current  of  water ; the  fmall  bodies  that 
float  or  fwim  near  this  current,  are  forced  by  it  into  the  mouth  of 
the  little  animal.  Mr.  Trembley  fays,  that  he  has  often  feen  a 
number  of  very  fmall  animalcula  fall  one  after  another  into  the 
mouth,  fome  of  which  were  afterwards  let  out  again  at  another 
opening,  which  he  was  not  able  to  deferibe. 

They  can  fafhion  their  mouths  into  feveral  different  forms.  If 
any  thing  touches  them  they  fhrink  back  and  contract  themfelves. 
They  live  independent  of  each  other,  fwimming  freely  through 
the  water  in  fearch  of  their  prey,  and  fix  to  any  thing  they  meet 
with. 

Thefe  animals  multiply  by  dividing  themfelves,  not  longitu- 
dinally, nor  tranfverfely,  but  hoping  and  diagonal  wife ; the 
proceedings  in  nature  continually  varying  in  every  new  form  of 
life.  Of  the  two  polypes  produced  by  the  divifion  of  one,  the 
firll  has  the  old  head  and  a new  tail,  the  other  the  old  tail  with  a 
new  head. 

To  make  the  defeription  more  clear,  Mr.  Trembleyealled  that 
'With  the  old  head  the  fuperior  polype,  that  with  the  new  head  the 
inferior  one.  The  firft  particular  that  is  oblervable  in  thefe 
polypes,  when  they  are  going  to  divide,  is  the  lips  of  the  inferior 
one ; a tranfverfe  and  oblique  ftripe  indicates  the  part  where  it  is 
going  to  divide  ; tlie  new  lips  are  formed  at  about  two-tnirds  of 
the  length  of  the  polype,  reckoning  from  the  head  ; the  divifion 
is  made  in  a doping  line,  that  goes  about  half  way  round  the  pa- 
rent animal ; thefe  lips  are  at  firft  difeerned  by  a flow  motion, 
■which  engages  the  attention  of  the-obferver.  They  then  infenfibly 
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approach  each  other  and  dofe,  whereby  a fwelling  is  formed  on- 
the  fide  of  the  polype,  which  is  foon  found  to  be  a new  head. 
When  the  fwelling  is  confiderably  increafed,  the  two  polypes  may 
be  plainly  diftinguifhed.  The  fuperior  one  being  now  conne&ed 
with  the  inferior  one  only  by  it’s  lower  extremity,  is  foon  detached 
from  it,  and  fwims  away  to  fix  itfelf  on  fome  convenient  fub- 
fiance  ; the  inferior  one  remains  faftened  to  the  place  where  the 
original  polype  was  fixed  before  the  divifion. 

isj  / 

From  the  various  modes  by  which  different  fpecies  of  polypes 
are  multiplied,  we  are  led  to  form  more  exalted  ideas  of  nature*, 
and  to  fee  that  the  little  we  difeover  is  but  an  exceeding  fmall  part 
of  her  contents ; we  learn  alfo  to  be  more  cautious  in  reafoning 
from  analogy,  and  laying  down  the  known  for  a model  to  the  un- 
known, becaufe  we  find  that  the  operations  in  nature  are  varied 
ad  infinitum. 

The  growth  of  the  hydra  fufea  is  very  quick,  but  that  of  the 
hydra  ftentorea  is  much  more  fo.  The  progrefs  of  the  feetus 
is  always  more  rapid  than  that  of  the  infant  and  adult  animal ; but 
in  thefe  organized  atoms,  the  evolution  is  fo  rapid,  as  to  appear 
almofl  like  an  immediate  creation. 

Fig.  28  reprefents  the  hydras  ftentoreae,  or  funnel-polype,  fixed 
to  the  under  fide  of  a piece  of  fome  vegetable  fubftance  ; they  are 
in  this  figure  of  their  natural  fize. 

Fig.  27,  the  fame  polype  magnified ; the  different  forms  they 
alfume  are  alfo  feen  here,  fometimes  fhort  and  thick  as  at  m m, 
long  as  at  n,  nearly  globular  as  at  o,  extended  to  the  full  fize  as 
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■at  k,  feen  as  contrafled  at  i.  The  fimbrillae.  or  little  hairs,  may 
be  feen  in  molt  of  the  attitudes,  except  thofe  of  1. 

Of  the  Hydra  Socialis. 

Hydra  socialis  mutica  torosa  rugosa.  Fig.  11,  PI.  XXL 

Bearded  thick  and  wrinkled. 

\ 

This  fpecies  of  hydra  has  been  defcribed  by  many  writers.  It 
is  the  vorticella  focialis  of  Muller,  who  defines  it  as  vorticella 
caudata,  aggregata,  clavata ; difco  obliquo  Muller  Animalcula 
infuforia,  p.  304.  Pallas  makes  it  a brachionus,  Pall.  Zooph.  53. 

‘In  Fig.  1 1 thefe  animals  are  reprefented  as  considerably  magni- 
fied ; they  appear  like  a circle,  furrounded  with  crowns,  or 
ciliated  heads,  tied  by  fmall  thin  tails  to  a common  center,  from 
whence  they  advance  towards  the  circumference,  where  they  turn 
like  a wheel,  with  a great  deal  of  vivacity  and  fwiftnefs,  till  they 
occafion  a kind  of  whirlpool,  which  brings  into  it’s  fphere  the 
proper  food  for  the  polype.  When  one  of  them  has  been  in  mo- 
tion for  a time,  it  flops,  and  another  begins ; fometimes  two  or 
three  may  be  perceived  in  motion  together.  They  are  often  to 
'be  found  feparate,  with  the  tail  flicking  in  the  mud.  The  body 
contradls  and  dilates  very  much,  fo  as  fometimes  to  have  the  ap- 
pearance of  a cudgel,  at  others  to  affume  almofl  a glohular  form. 
The  young  polypes  of  this  fpecies  have  been  fometimes  taken  fox 
the  hydra  flentorea. 
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Of  the  Vorticell/E. 

We  now  come  to  another  divifion  of  thefe  animals,  to  which 
later  writers  have  given  die  name  of  vorticellae,  which  we  fliall 
therefore  adopt,  as  we  think  it  behoves  every  man  to  maintain 
that  order  in  fcientific  arrangement  which  is  not  inconfillent  with 
truth,  except  he  can  produce  another  arrangement  more  ex- 
preffive  of  the  nature  of  the  obje£ls  it  is  defigned  to  difcriminate. 

The  variety  that  may  be  obferved  in  thefe  minute  animals,  con- 
firms a principle,  which  the  more  it  is  looked  into,  the  more  it 
will  be  found  to  accord  with  the  general  operations  in  nature, 
namely,  that  there  is  always  a pre-ex iftent  principle  of  life 
neceffary  to  the  organization  both  of  animals  and  vegetables ; 
that  the  alimentary  and  other  particles  which  are  added  to,  or  ap- 
parently belong  to  them,  produce  nothing  of  themfelves,  they  are 
incapable  of  forming  the  leaf!  fibre,  but  they  are  able  to  become 
conflituent  parts  of  one  organical  whole,  and  the  inftruments 
whereby  the  forming  principle  is  manifefted,  and  rendered  capa- 
ble of  afting  upon  certain  orders  of  creatures. 

VORTICELLA. 

Animal,  calyce  vafculofo ; ore  contrafilili  ciliato,  terminal! 
ftirps  fixa. 

A fmall  animal,  with  a vafcular  cup ; the  mouth  is  at  one  end 
ciliated,  and  capable  of  being  contra&ed,  the  Item  fixed. 
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VORTICELLA  AnASTATICA. 

Vorticella  anaftatica,  compofita,  floribus  campanulatis  ftirpe 
multiflora  rigefcente,  fee  Fig.  13,  14,  15,  16,  Plate  XXI. 

Vorticella  anaftatica,  compound,  with  bell -fhaped  flowers,  and  a. 
rigid  Item. 

Cluftering  polype,  fecond  fpecies,  Trembley,  Philof.  TranC 
vol.  xliv.  part  2,  p.  643. 

Thefe  polypes  form  a group  refembling  a duller,  or  more 
properly  an  open  flower;  this  flower,  or  duller,  is  fupported  by 
a Hem,  which  is  fixed  by  it’s  lower  extremity  to  fome  of  the' 
aquatic  plants,  or  extraneous  bodies,  that  are  found  in  the  water ; 
the  upper  extremity  forms  itfelf  into  eight  or  nine  lateral  branches* 
perfectly  fimilar  to  each  other ; thefe  have  alfo  fubordinate  bran- 
ches, whofe  coliedive  form  much  refembles  that  of  a leaf.  Every 
one  of  thefe  aflemblages  is  compofed  of  one  principal  branch,  or 
nerve,  which  makes  with  the  main  ftem  of  the  duller  an  angle 
fomewhat  greater  than  a right  one  ; from  both  fides  of  this  nerve 
the  fmaller  lateral  branches  proceed ; thefe  are  Ihorter  the  nearer 
their  origin  is  to  the  principal  branch.. 

At  the  extremity  of  the  principal  branch,  and  alfo  of  all  the 
lateral  ones  there  is  a polype  or  vorticella.  There  are  others  on 
both  fides  of  the  lateral  twigs,  but  at  different  diftances  from  their 
extremity.  Thefe  polypes  are  all  exceeding  fmall,  and  of  a bell- 
like figure ; near  their  mouth  a quick  motion  may  be  difcerned,. 
though  not  with  a fufficient  diftin&nefs  to  convey  an  adequate  idea 
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of  it’s  caufe;  upon  the  branches  of  thefe  clutters  are  round 
bodies,  which  will  be  more  particularly  defcribed  prefently. 

Every  clutter  has  eight  or  nine  of  thefe  branches,  or  leaves; 
they  do  not  all  proceed  from  the  fame  point,  but  the  points  from 
whence  they  fet  out  are  not  far  afunder ; each  of  thefe  branches  is 
bent  a little  inwards,  fo  that  all  of  them  taken  together  form  a 
kind  of  (hallow  cup.  If  the  eye  is  placed  right  over  the  bafe  of 
this  cup,  the  appearance  of  the  whole  eight  or  nine  branches  is 
like  unto  that  of  a ttar,  with  fo  many  rays  proceeding  from  the 
center.  If  the  clutter  is  (lightly  touched,  all  the  branches  inftantly 
fold  up,  and  form  a fmall  round  mafs.  The  ftem  which  fup- 
ports  the  clutter  contrafls  alfo  at  the  fame  time,  folding  up  like  a 
workman’s  meafuring  rule,  that  confifts  of  three  or  four  joints. 
This  extraordinary  afiemblage  conftitutes  one  organized  whole, 
formed  of  a multitude  of  fimilar  and  particular  ones.  A new  fpe- 
cies  of  fociety,  in  which  all  the  individuals  are  members  of  each 
other  in  the  drifted  fenfe,  and  all  participate  of  the  fame  life. 

A few  days  after  one  of  thefe  clutters  is  formed,  fmall  round 
bodies,  or  bulbs,  may  be  perceived  to  protrude  in  feveral  places 
from  the  body  of  the  branch ; thefe  grow  very  fatt,  and  arrive  at 
their  greateft  growth  in  two  or  three  days.  'The  bulbs  detach 
themfelves  from  the  branches  out  of  which  they  fpring,  and  go 
away,  fwimming  till  they  can  fettle  upon  fome  fubftance  which 
they  meet  with  in  the  water,  and  to  which  they  fix  themfelves  by 
a fhort  pedicle  ; the  bulbs  are  then  round,  only  a little  flatted  on 
the  under  fide,  the  pedicle  continues  to  lengthen  gradually  for 
about  twenty-four  hours,  during  the  fame  time  the  bulbs  alfo 
change  their  figure,  and  become  nearly  oval.  There  are  in  a 
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clufer  but  few  of  thefe  bulbs  compared  with  the  number  of  the 
vorticellae,  neither  do  all  the  bulbs  come  out  at  the  fame  time. 
The  bulb  then  divides  lengthways  into  two  fmaller  ones,  but 
which  are  ftili  much  larger  than  the  vorticellae  themfelves.  It  is 
not  long  before  thefe  are  feparated  like  the  firffc,  and  thus  form 
four  bulbs  on  the  fame  ftalk ; thefe  again  divide  themfelves,  and 
form  eight,  which  again  fubdivide,  and  confequently  make  fix- 
teen.  They  are  all  conne&ed  with  the  ftalk  by  a proper  pedicle, 
but  they  are  not  all  of  an  equal  fize  ; the  largeft  continue  to 
divide,  and  the  fmalleft  begin  to  open,  and  take  the  bell-formed 
fhape.  Mr.  Trembley  obferved  from  one  round  bulb,  in  about 
twenty-four  hours,  by  repeated  divifions,  one  hundred  and  ten- 
vorticellse  to  be  formed. 

It  has  been  afked  with  propriety,  what  plant,  or  what  animal* 
could  have  led  us  to  expeft  an  exiftence  and  mode  of  propaga- 
tion fimilar  to  that  of  the  vortieella  anaftatica  ? 

Fig.  33  reprefents  one  branch  of  the  vortieella  anafiatica ; on 
this  branch,  befides  the  vorticellae  which  are  of  a bell-like  form, 
fome  of  thofe  round  bodies  from  which  they  firft  fpring,  and  by 
which  they  are  fo  remarkably  diflinguifhed  from  many  other  fpe- 
cies,  may  be  feen. 

Fig.  14  reprefents  one  of  the  globular  bodies,  after  it  has  parted 
from  the  clufler,  and  has  fixed  itfelf  to  fome  other  body,  and  after 
the  globule  itfelf  and  it’s  pedicle  have  begun  to  lengthen. 

Fig.  15  reprefents  the  two  bodies  that  were  formed  by  the  part- 
ing of  that  which  is  reprefented  in  Fig.  1 4* 
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Fig.  1 6 reprefents  four  that  were  formed  by  the  feparation  of 
the  two  bulbs,  reprefented  in  the  foregoing  figure. 

VORTICELLA  PYRARIA. 

Compofitar  floribus  muticis  obovatis,  tentaculis  bigeminis  ftirpe 
ramofa,  Fig.  25  and  26,  Plate  XXII.  Compound,  with  beards 
iefs  oval  florets,  two  double  arms,  the  Item  branched.  Lin. 

It  is  fomewhat  of  a pear  (hape,  the  bafe  is  pellucid,  the  top 
truncated ; the  lateral  arms,  which  are  a pair  on  each  fide,  can- 
not be  diftinguifhed  without  fome  attention ; they  are  fometimes 
to  be  feen  difengaged  from  the  pedicle,  and  rolling  fwiftly  in  a 
kind  of  circle. 

VORTICELLA  CrAT^EGARIA* 

Vorticella  compofita,  floribus  muticis  globofis,  tentaculis  binis, 
ftirpe  ramofa,  Fig.  40,  Plate  XXII.  Compound,  with  globous 
naked  florets,  two  tentacules,  and  a branched  Hern. 

Thefe  vorticellae  are  to  be  found  in  the  month  of  April,  both 
in  the  mud,  and  upon  the  tail  of  the  monoculus  quadricornis ; 
they  are  generally  heaped  together  in  the  manner  in  which  they 
are  reprefented  in  the  figure ; they  are  of  a fpherical  form,  and 
united  to  one  common  ftalk.  They  are  alfo  often  to  be  found 
without  any  pedicle,  the  body  is  rather  contracted,  the  aperture 
is  circular,  and  furrounded  with  a marked  margin ; it  has  two 
fmall  arms ; with  a deep  magnifier,  a vehement  rotatory  motion 
may  be  feen ; they  fometimes  feparate  from  the  community,  and 


Microscopical  Essays. 


■13s 

,go  forwards  in  a kind  of  fpiral  line,  and  then  in  a little  time  come 
back  again  to  the  reft. 

Fig.  40  reprefents  a parcel  of  thefe  vorticellse  united  together. 

Among  the  other  authorities  for  this  animal,  M.  Linnaeus  refers 
to  Mr.  Baker’s  defcription  of  the  mulberry  infeft,  “ Employment 
for  the  Microfcope,’’  p.  348,  which,  as  it  differs  a little  from  the 
preceding  account,  we  fhall  infert  here.  That  from  which  his 
drawing  was  made,  and  which  he  has  defcribed,  was  found  in  a 
ditch  near  Norwich  ; he  called  it  the  mulberry  infedt,  from  the  re- 
femblance  it  bore  to  that  fruit ; though  the  protuberances  that 
{land  out  round  it  are  more  globular  than  thofe  of  a mulberry  ; it  is 
to  be  feen  rolling  about  from  one  place  to  another,  and  is  proba- 
bly a congeries  of  animalcula ; they  are  to  be  met  with  in  differ- 
ent numbers  of  knobs,  or  protuberances,  fome  having  fifty  or 
fixty,  others  more  or  lefs  down  to  four  or  five.  The  manner  of 
moving  is  the  fame  in  all.  They  are  generally  of  a pale  yellow. 

VORTICE'LLA  OPERCULARIA,  FlG.  29,  PLATE  XXII. 

Vorticella  compofita,  floribus  muticis  ovalibus,  ftirpe  ramofa. 
Compound,  with  naked  oval  florets,  and  a branched  Item. 

Thefe  vorticellae  are  of  a lemon  fhape,  and  are  generally  found 
in  clufters,  branching  out  from  a ftem,  which  moftly  adheres  to 
fome  convenient  fubftance. 

That  fpecies  of  them  which  is  defcribed  by  Mr.  Baker  had  a 
very  fhort  pedicle,  and  the  animals  were  much  longer  than  thofe 
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which  are  reprefented  at  Fig.  29,  Plate  XXII.  There  was  no 
main  Item,  but  all  the  pedicles  were  joined  in  one  center,  round 
which  the  animals  extended  themfelves  as  fo  many  radii,  forming 
a very  pleafing  figure. 

The  mouths  of  thefe  animalcula  are  not  ciliated,  but  they  are 
furniftied  with  a round  aperculum,  or  cover,  connected  by  a long 
ligament,  or  mufcle,  which  extends  downwards  through  the 
body,  and  is  affixed  within  fide  of  it,  near  the  tail.  This  liga- 
ment may  be  contracted  or  dilated,  fo  that  the  cover  may  be 
removed  to  fome  diftance  from  the  mouth ; in  this  fituation  feveral 
fhort  hairs  may  be  found  to  radiate  from  it ; thefe  have  a vibra- 
tory motion,  by  which  they  excite  a current  of  water,  moil 
probably  to  draw  in  the  proper  nourifhment,  after  which  they 
fhut  or  pull  down  the  cover,  which  they  again  extend  at  plea- 
fure  ; when  the  cover  is  pulled  clofe  down,  the  mouth  contracts, 
and  no  hairs  are  to  be  feen. 

Fig.  29  reprefents  the  vorticella  Opercularia,  f the  operculum 
removed  at  fome  diftance  from  the  mouth,  at  t,  it  is  nearly  clofe 
at  r,  the  mouth  contracted,  the  cover  drawn  in,  and  no  hairs  to 
be  feen  ; u a part  of  the  (talk,.  from  which  fome  of  the  animal- 
cula  are  feparated. 

Vorticella  Umbellaria, 

Vorticella  compofita,  floribus  ciliatis  globofis  muticis,  ftirpe 
umbellata,  Fig.  30,  Plate  XXII.  Compound,  with  ciliated 
globous  naked  florets,  and  an  umbellated  Item, 
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Vorticella  acinofa,  funplex,  glctbofa,  granis  nigricantibus,  pectun- 
culo  rigido.  Muller  Animal  Infuf.  p.  31  g. 

We  often  find  in  divers  places,  upon  water,  plants,  and  other 
bodies  in  the  water,  a whitifh  fubflance,  that  looks  like  mould ; 
plants,  pieces  of  wood,  fnail  (hells,  See.  are  often  entirely  cover- 
ed over  with  this  fubflance.  If  we  examine  any  of  thefe  by -the 
rnicrofcope,  we  fliall  find  fuch  motions  as  will  induce  us  io  think 
them  an  affemblage  of  living  animals,  minute  bodies,  feverally 
fixed  to  the  extremities  of  fmall  ftems,  or  pedicles,  many  of 
which  are  often  fo  united  as  to  form  together  a fort  of  branches, 
or  cluflers,  from  whence  they  have  been  termed  cluttering 
polypes,  or  des  polypes  en  bouquet. 

1 

Thefe  cluflers  are  larger  or  fmaller,  according  to  the  fpecies  of 
the  vorticellse  which  form  them,  and  according  to  the  con- 
currence of  many  other  circumftances.  To  get  a clear  idea  of 
the  figure  of  thefe  animals,  it  is  bed  to  obferve  the  fmaller  cluf- 
ters,  as  in  the  larger  they  are  often  rendered  lefs  diftinft  on 
account  of  the  number. 

The  length  of  thofe  which  are  reprefented  at  Fig.  30,  is  about 
the  240th  of  an  inch  ; they  are  of  a bell-fhape.  The  anterior  part 
a c generally  appears  open,  the  pofterior  part  is  fixed  to  a ftem, 
or  pedicle,  be;  it  is  by  the  extremity  of  this  pedicle  that  the  vor- 
ticella fattens  itfelf  to  any  fubflance.  It  appears  in  the  rnicrofcope 
of  a brownifh  colour,  excepting  at  the  fmaller  end  b,  where  it  is 
tranfparent,  as  well  as  the  whole  pedicle  b e.  When  the  anterior 
part  a c is  open,  a very  lively  motion  may  be  perceived  about  it’s 
edges ; and  when  it  prefen ts  itfelf  in  a particular  manner,  fome- 
6 thing 
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thing  very  much  refembling  the  little  wheels  of  a mill,  moving 
with  great  velocity,  may  be  difcovered  on  both  fides  of  the  edges 
of  this  anterior  part. 

Thefe  vorticellae  are  able  to  contra#  themfelves  fuddenly. 
They  may  be  made  to  do  this,  either  by  touching  them,  or 
moving  the  fubftance  to  which  they  are  affixed.  When  they  con- 
tra#, the  edges  of  the  anterior  parts  are  drawn  quite  into  the 
body ; on  refuming  their  former  poffure,  the  edges  may  be  feen  to 
come  forth,  and  put  themfelves  in  motion  as  before.  Minute 
fubftances  that  float  in  the  water  are  often  forced  down  into  thefe 
openings,  and  fome times  are  thrown  out  again. 

They  are  capable  of  fwimming  about  fingly,  but  their  form  is  in 
that  cafe  confiderably  different  from  that  which  they  have  when 
they  are  fixed.  To  fee  regularly  in  what  manner  the  clufters  are 
formed,  and  in  what  way  thefe  little  creatures  multiply,  it  is  belt 
to  obferve  one  that  is  fixed  by  itfelf. 

The  pedicle  of  a fingle  vorticella  is  at  firft  fhort,  but  it  foon 
grows  longer,  and  then  begins  to  multiply,  that  is,  to  divide,  or 
fplit  itfelf  in  two  lengthways.  To  effe#  this,  the  lips  are  firfl 
drawn  into  the  body,  the  anterior  part  clofes  and  becomes  round, 
and  lofes  it’s  bell  fhape,  the  motion  about  the  lips  ceafes,  though 
a fmall  degree  of  motion  may  be  perceived  within  the  body. 
The  anterior  end  flattens  gradually,  and  fp reads  wider  in  pro- 
portion as  it  grows  fmaller.  It  then  gradually  fplits  down  the 
middle,  that  is,  from  the  middle  of  the  head  to  the  pedicle,  fo 
that  in  a little  time  two  feparate  round  bodies  appear  to  be  joined 
to  the  end  of  the  pedicle,  that  before  fupported  but  one. 
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The  mouth,  or  anterior  part  of  each  of  thefe  bodies,  now  opens 
by  degrees;  and  in  proportion  as  they  open,  the  lips  of  the  new 
vorticella  begin  to  difplay  themfelves.  The  motion  before  fpoken 
of  may  then  alfo  be  perceived.  Indeed  it  is  the  bell  time  of  ob- 
ferving  it ; it  is  at  firft  flow,  but  more  rapid  in  proportion  as  the 
mouth  opens,  when  it  is  as  fwift  as  that  of  the  vorticella  before  it 
began  to  divide,  and  we  may  now  look  upon  it  as  completely 
formed.  A vorticella  is  generally  about  one  hour  in  dividing 
itfelf. 

The  lower  of  the  three  drawings,  Fig.  30,  reprefents  two  vor- 
ticellce  joined  by  their  pofterior  extremity  to  one  pedicle ; foon 
after  the  divifion,  each  vorticella  begins  to  fhew  a pedicle  of 
it’s  own. 

Fig.  30  reprefents  a duller  of  eight  vorticellae;  by  this 
figure  we  may  form  fome  idea  in  what  manner  the  pedicles  are 
dilpofed  as  their  number  increa fes ; there  were  at  firft  only  two 
at  b,  whofe  branches  lengthened  to  d,  and  then  each,  of  them  was 
divided  into  two,  now  forming  four;  thefe  again  lengthened  and 
reached  i,  when  they  were  again  fubdivided,  as  in  the  figure. 

The  reader  will  join  with  M.  Bonnet  in  admiring  the  group  of 
wonders  afforded  by  a fingle  fpot  of  mouldinefs.  What  unfore- 
feen,  varied,  and  interefling  fcenes  are  prefented  within  fo  fmall  a 
compafs  ! what  a theatre  is  exhibited  to  a thinking  mind  ! But  our 
abode  is  fo  reclufe,  that  we  have  but  a glimmering  view  of  it  1 
how  great  would  our  affonifhment  be,  if  the  whole  fpeffacle  was 
difclofed  to  us  at  once,  and  we  were  enabled  to  penetrate  into  the 
interior  flructure  of  this  wonderful  affemblage  of  living  atoms ! 

4 - Our 


Microscopical  Essays. 


443 


Our  eyes  fee  only  the  grofs  part  of  the  decorations,  whilfl  the  ma- 
chines that  execute  them  remain  in  impenetrable  darknefs ! Who 
(liall  enlighten  this  profound  obfcurity,  or  dive  into  an  abyfs 
where  reafon  is  loft,  or  draw  from  thence  the  treafures  of  wifdom 
concealed  within  it?  Let  us  learn  to  be  content  with  the  fmall 
portion  that  is  communicated  to-us,  and  contemplate  with  grati- 
tude the  firft  traces  of  human  underftanding  that  are  imparted  to 
us  in  thefe  difcoveries. 

VORTICELLA  BeRBERINA. 

Vorticella  compoftta,  lloribus  ovalibus  muticis,  ftirpe  ramofa. 
Compound,  with  oval  beardlefs  florets. 

This  is  a fpecies  of  the  vorticella?,  which  refemble  the  preced- 
ing one  in  many  refpefts,  particularly  in  being  multiplied  in  the 
fame  manner,  that  is,  by  dividing,  or  fplitting,  according  to  it’s 

length. 

i 

They  are  more  (lender  than  the  vorticella  umbellaria;  the 
branches  of  the  clufters  are  tranfparent.  When  many  of  them  are 
together,  they  appear  of  a changeable  violet  colour;  the  clufters 
are  not  unlike  a fprig  of  fpun  glafs.  The  motion  of  the  lips  is  not 
fo  eafily  diftinguifhed  as  in  the  foregoing  fpecies,  though  it  may 
be  obferved  in  thefe  whilft  they  are  opening  and  completing  their 
formation.  For  at  thefe  times  the  motion  is  but  flow,  whereas  it 
becomes  afterwards  very  quick  in  thofe  that  are  arrived  at  a (late 
of  perfection. 
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All  the  duller  vorticellse  detach  themfelves  from  time  to  time 
from  the  Hem,  and  from  thefe  they  fwim  about  till  they  fix  again 
upon  fome  convenient  fubllance ; the  branches,  when  deferted, 
bear  no  more  vorticellae. 

VORTICELLA  DlGITALIS. 

Vorticella  compofita,  floribus  cylindricis,  unifulcatis  femiclaufis, 
ftirpe  ramofa,  Fig.  3 1 , PI.  XXII.  Compound,  with  cylindrical  florets , 

Vorticella  compofita,  cylindrica,  cryllallina,  apice  truncata  et 
filfa,  pedunculo  fillulofo  ramofa.  Muller  Animal  Infuf.  p.  327. 

This  fpecies  of  the  vorticella  is  very  fcarce,  it  feems  only  to 
have  been  feen  by  Roefel,  who  found  it  on  the  monoculus 
quadricornis,  till  1784,  when  it  was  difcovered  by  Mr.  Muller, 
who  had  fought  for  it  feveral  years  before  in  vain. 

The  body  is  cylindrical,  cryllalline,  and  appears  almoll  empty7 ; 
it  has  three  pellucid  points  difpofed  lengthways,  the  apex  is  trun- 
cated in  an  oblique  direction,  the  margin  bent  back.  The  upper 
part  contrads  itfelf,  and  the  margin  then  aflumes  a conical  fiiape, 
with  a convex  furface  ; there  are  in  general  but  few  branches 
from  the  principal  Item,  and  thefe  are  fhort  and  thick  ; it  excites 
an  undulatory  motion,  but  no  hairs,  nor  any  rotatory  motion, 
have  been  difcovered.  Fig.  31,  o and  n,  reprefents  the  vorticella 
adhering  to  the  monoculus  quadricornis. 
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VORTICELLA  CoNV  ALL  ARIA, 

Simplex,  gregaria,  flore  campanulata  mutico,  tentaculis  bige- 
minis,  (lirpe  fixa,  Fig.  39,  PI.  XXII.  Simple,  but  gregarious,  the 
florets  bell-fhaped,  with  two  pair  of  little  arms,  and  a fixed  Hem. 

Vorticella  fimplex,  campanulata,  pedunculo  retortili.  Muller 
Animal  Infuf. 

Thefe  vorticella:,  or  bell  animals,  as  they  are  termed  by  Mr. 
Baker,  are  generally  found  adhering  to  fome  fubftance  in  the 
water;  they  are  reprefented  here  as  found  by  M.  Roefel,  fixed  to 
a curious  cornu  ammonis,  with  points  projecting  from  the  back. 
To  the  naked  eye  they  appear  only  as  fo  many  little  white  points, 
but  under  a microfcope,  as  little  bells,  agitating  the  water  to  a 
confiderable  diftance.  The  Items  of  thefe  have  a particular  mo- 
tion, they  draw  themfelves  up,  and  fhorten  all  at  once,  taking 
the  form  of  a fpiral  wire,  or  fcrew  ; in  a moment  after  they  again 
refume  their  former  fhape,  ftretching  themfelves  out  ftrait  as  be- 
fore. Many  of  them  may  be  feen  at  times  adhering  to  each 
other  by  their  tails ; the  cilia,  which  are  two  on  each  fide  of  the 
mouths,  are  very  feldom  to  be  perceived. 

Vorticella  Urceolaris.  Fig.  33,  34,  35,  Plate  XXII. 

Simplex,  pedunculata,  ore  dentato.  Single,  with  a fhort  tail, 
and  toothed  mouth. 

Brachionus  capfularis  tefla  ovata  apice  fexdentata  bafi  incifa, 
cauda  ionga  bicufpi.  Muller  Animal  Infuf.  p.  356. 
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To  the  naked  eye  it  appears  as  a white  moveable  point : but 
when  examined  by  the  microfcope,  a tail,  projefiing  from  the 
lower  part,  is  difcovered,  and  a double  rotatory  inllrument  is  feen, 
which  it  can  conceal  or  difcover  at  pleafure.  It  has  been  feen 
and  defcribed  by  moll  microfcopical  writers  ; but  as  Mr.  Baker’s 
feems  to  us  to  be  the  moft  perfefl,  we  (hall  principally  follow  his 
account  of  it. 

He  difcovered  three  fpecies  of  them,  two  of  which  are  included 
under  the  vorticella  urceolaris.  Fig.  33,  34,  35,  are  of  the  firft 
fpecies  ; Fig.  36,  37,  38,  are  of  the  fecond  kind.  The  firfl  fort, 
when  extended,  is  about  twice  as  long  as  it  is  broad.  It  is  con- 
tained in  a (hell ; the  fore-part  of  this  is  armed  with  four  {harp 
teeth,  or  points ; the  oppofite  fide  has  no  teeth,  but  is  waved,  or 
bent,  in  two  places,  like  the  form  of  a Turkifh  bow.  At  the 
bottom  there  is  a hole,  through  which  it  pufhes  the  tail.  It 
fallens  itfelf  by  this  tail  to  any  convenient  fubflance,  when  it  in- 
tends to  ufe  it’s  rotatory  organs ; but  when  it  is  floating  in  the 
water,  and  at  all  other  times  when  not  adhering  to  any  body,  it 
wags  the  tail  backwards  and  forwards  fomething  like  a dog. 

W e may  confider  it  as  divided  into  a head,  thorax,  and  abdo- 
men ; each  of  which  may  be  extended  and  contrafled  confider- 
ably : it  can  by  dilating  all  three  protrude  the  head  beyond  the 
{hell,  or  by  contrafling  them,  draw  the  whole  body  within  the 
fame. 

The  head  when  extended  divides  itfelf  into  two  branches,  be- 
tween which  another  part,  a kind  of  probofcis,  is  pufhed  out ; 
at  the  end  of  this  are  two  fibrils,  that  appear  when  they  are  at 

reft 


reft  like  a broad  point,  but  which  can  be  moved  to  and  from 
each  other  very  brftkly  with  a vibratory  motion,  fee  Fig.  93. 

The  form  and  fituation  of  the  two  branches  is  fometimes 
changed,  the  ends  thereof  becoming  more  round,  and  the  vibra- 
tory motion  is  altered  to  a rotatory  one : thic  alteration  is  repre- 
fented  at  Fig.  34 : the  head  alfo  appears  in  this  figure.  The 
thorax  is  annexed  to  the  lower  part  of  the  head,  it  is  mufcular ; 
within  it  there  is  a moving  inteftine,  which  has  been  fuppofed  to 
be  either  the  lungs  of  the  heart  of  the  little  creature,  fee  b.  Fig. 

33  and  31* 

A communication  is  formed  between  the  thorax  and  the  ab- 
domen by  means  of  a (hort  veftel  c,  whofe  alternate  contrafiions 
and  dilatations  occafion  the  abdomen  to  rife  and  fall  alternately, 
having  at  the  fame  time  a fort  of  periftaltic  motion.  The  food 
is  conveyed  through  this  veftel  into  the  abdomen,  where  it  is 
digefted ; it  is  then  difeharged  by  the  anus,  which  is  placed  near 
the  tail. 

The  tail  has  three  joints,  and  is  cleft  or  divided  at  the  extre- 
mity, by  which  means  it  can  better  fallen  itfelf  to  fuitable  objefls. 
It  is  in  general  proiefled  from  the  lower  end  of  the  fhell,  moving 
nimbly  to  and  fro,  ferving  the  animal  as  a rudder  when  it  is 
fwimming  to  direfl  it’s  courfe. 

When  the  water  in  which  the  little  animal  is  placed  is  nearly 
dried  away,  or  when  it  [has  a mind  to  compofe  itfelf  to  reft,  it 
contrafts  the  head  and  fore-part  of  the  body,  and  brings  them 
down  into  the  (hell,  and  pulls  the  tail  upwards,  fo  that  the  whole 
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of  this  minute  creature  is  contained  within  the  fhell,  fee  Fig.  35. 
The  fhell  is  fo  tranfparent  that  the  terminations  cannot  be  eafily 
diftinguifhed  when  the  animal  is  extended ; but  whatever  is 
tranfa61ed  within  the  fhell,  is  as  plain  as  if  there  was  no  fubftance 
between  the  eye  and  the  interior  parts. 

Fig.  3 6,  37,  38,  exhibit  the  appearance  of  another  fpecies  of 
thefe  animals,  which  differs  from  the  foregoing  kind.  This  has 
alfo  a head,  a thorax  and  abdomen,  but  then  they  are  not  fepa- 
rated  by  a gut  or  intermediate  vefl'el,  as  in  the  former,  but  are 
joined  immediately  together,  and  at  the  place  where  in  the  firft 
kind  a moveable  inteftine  was  feen;  in  this  a mufcle,  mod 
probably  the  heart,  may  be  difcovered ; it  has  a regular  fyftole 
and  diaftole  : this  part  is  intended  to  be  (hewn  at  a.  Fig.  36,  37, 
38.  Like  the  other  it  draws  the  head  and  tail  within  the  fhell, 
which  then  appears  to  have  fix  teeth  or  fpikes  on  one  fide,  and 
two  on  the  other : it  very  feldom  protrudes  it’s  head  fo  far  out 
as  the  other  ; fometimes  the  fibrillae  may  be  feen  within  the  mar- 
gin of  the  fhell. 

Both  fpecies  carry  their  young  in  an  oval  integument  or  bag, 
faffened  externally  to  the  lower  part  of  the  fhell,  fomewhere 
about  the  tail ; thefe  bags  are  fometimes  opake  at  one  end,  and 
feemingly  empty  at  the  other,  fee  Fig.  34  : fometimes  the  middle 
is  opake,  with  a tranfparent  margin,  fee  Fig.  36. 

It  is  highly  entertaining  to  fee  a young  one  burft  it’s  integu- 
ment, and  gradually  force  it’s  way  out ; in  performing  this  opera- 
tion, it  is  much  affifted  by  the  motion  ol  the  tail  of  the  parent. 
The  head  par-t  comes  out  firft,  it  then  fets  it’s  rotatory  organ  in 
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motion  by  which  it  is  completely  difengag'ed,  leaving  the  integu- 
ment behind,  which  the  vorticella  freed  itfelf  from  by  repeated 
flrokes  with  it’s  tail.  A young  one  almofl  difengaged  is  been  at  b, 
Fig.  38  ; another  embryo,  c,  was  left  adhering  to  the  fhell. 

There  are  four  more  fpecies  of  the  vorticella  mentioned  by 
Linnaeus,  which  are  the  vorticella  encrinus,  the  vorticella  poly- 
pina,  the  vorticella  flellata,  and  the  vorticella  ovifera,  which  do  not 
come  properly  within  our  plan.  The  vorticella  polypina  will  be 
deferibed  hereafter.  There  is,  however,  another  little  animal,  of 
which  we  have  given  a figure  in  Plate  XXII.  and  which  Linnaeus, 
in  a former  edition  of  the  Syflema  Naturae,  placed  among  the 
hydrae,  but  which  he  has  fince  removed,  and  placed  amongft  the 
tubularia ; and  as  I do  not  feel  myfelf  competent  to  controvert 
the  propriety  or  impropriety  of  the  former  or  prefent  arrange- 
ment,  the  little  creature  muff:  here  take  a folitary  fituation,  and 
hand  without  a companion. 

Tubularia  Campanulata.  Fig.  32,  Plate  XXII. 

Reptans,  tubis  campanulatis.  Creeping,  with  campanulated 
tubes. 

It  is  called  by  Mr.  Baker  the  bell-flowered,  or  plumed  animal. 

Thefe  little  creatures  dwell  in  colonies  together,  from  ten  to 
fifteen  in  number,  living  in  a kind  of  flimy  mucilaginous  cafe, 
which,  when  expanded  in  the  water,  has  fome  refemblance  to  a 
bell  with  it’s  mouth  upwards.  Thefe  bells,  or  colonies,  are  to 

3 I be 


45°  Microscopical  Essays. 

be  found  adhering  to  the  large  leaves  of  duck-weed  and  other 
aquatic  plants. 

The  bell,  or  cafe,  which  thefe  animals  inhabit,  being  very 
tranfparent,  all  the  motions  of  it’s  inhabitants  may  be  difcerned 
diftin&ly  through  it.  There  are  feveral  ramifications,  or  fmaller 
bells,  proceeding  from  the  larger  one  ; in  each  of  thefe  there  is 
an  inhabitant.  The  opening  at  the  top  of  thefe  bells  is  juft  large 
enough  for  the  creature’s  head  and  a fmall  part  of  it’s  body  to  be 
thruft  out  from  it,  the  reft  remaining  in  the  cafe,  into  which  it 
alfo  draws  the  head  on  the  leaft  alarm. 

Befides  the  particular  and  feparate  motions  which  each  of  thefe 
creatures  is  able  to  exert  within  it’s  cafe,  and  independent  of  the 
reft,  the  whole  colony  has  a power  of  altering  the  pofition  of  the 
bell,  and  removing  it  from  one  place  to  another.  Thefe  animal- 
cula  feem  not  to  like  to  dwell  in  focieties  whole  number  exceeds 
fifteen  ; when  the  colony  happens  to  increafe  in  number,  the  bell 
may  be  obferved  to  fplit  gradually,  beginning  from  about  the 
middle  of  the  upper  extremity,  and  proceeding  downwards  towards 
the  bottom,  till  they  at  laft  feparate  and  become  two  colonies, 
independent  of  each  other. 

The  arms  are  very  near  each  other ; fixty  may  often  be  counted 
in  one  plume,  having  each  the  figure  of  an  Italic  f,  one  of  whofe 
hooked  ends  is  faftened  to  the  head ; and  all  together,  when  ex- 
panded, compofe  a figure  fomewhat  like  a horfelhoe,  convex  on 
the  fide  next  the  body,  but  gradually  opening  and  turning  out- 
wards, fo  as  to  leave  a confiderable  diftance  within  the  outer  ex- 
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tremities  of  the  arms.  When  the  arms  are  thus  extended,  the 
creature,  by  giving  them  a vibratory  motion,  can  produce  a cur- 
rent in  the  water,  which  brings  the  animalcula,  and  other  minute 
bodies  that  are  floating  near  it,  into  it’s  mouth,  fltuated  between 
the  arms.  The  food,  if  agreeable  to  the  creature,  is  fwallowed ; 
if  not,  it  is  rejected  by  a contrary  motion.  As  the  fkin  is  tranf- 
parent,  the  animal  may  be  feen  very  plain  when  it  has  retired 
within  the  tube. 

The  body  is  about  one-eighth  of  an  inch  long,  without  reckon- 
ing the  plume,  which  is  about  the  fame  length.  It  is  cylindrical, 
and  the  fkin  is  very  tranfparent.  The  plume  is  only  a continua- 
tion of  this  tranfparent  fkin,  it  is  very  broad  in  proportion  to  the 
body,  and  of  a remarkable  figure ; the  bafe  is  of  the  fliape 
of  a horfefhoe,  from  this  bafe  the  arms  project,  they  bend  rather 
outwards.  The  plume  which  they  form  gives  them  a refemblance 
to  fome  flowers.  The  arms  may  be  compared,  from  their 
finenefs  and  tranfparency,  to  very  fine  threads  of  glafs.  The 
bafe  of  the  plume  is  grooved,  and  is  fixed  to  the  animal  by  the 
middle  of  the  horfefhoe  which  it  forms,  and  it  is  here  that  there  is 
an  opening  which  ferves  as  a mouth  to  the  animal.  The  inteffines 
are  eafily  diflinguifhed  through  it’s  tranfparent  fkin  ; when  it  has 
juft  been  eating,  they  are  of  a deep  brown  colour.  Three  prin- 
cipal parts  may  be  diflinguifhed,  the  oefophagus  e h i,  the 
flomach  f g,  and  the  reflum  f a. 

The  plumed  polype  is  very  voracious,  devouring  a great  num- 
ber of  fmall  animals.  The  arms,  when  obferved  attentively 
with  the  microfcope,  will  be  found  to  bend  from  moment  to  mo- 
ment within  fide  of  the  plume,  and  then  rife  up  again ; 
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then  another  arm  performs  the  fame;  thus  by  the  continual  mo- 
tion of  it’s  arms,  it  puts  the  water  into  violent  agitation,  and 
brings  into  it’s  mouth  the  food  whereby  it  is  nourifhed. 

In  the  infide  of  thefe  animals  a fmall  oblong  whitifh  body  is 
formed,  which  is  carried  to  the  outfide,  and  remains  fixed  in  a 
perpendicular  di  reft  ion  to  the  body  ; many  of  thele  are  formed 
daily,  and  of  thefe  oval  bodies  new  animals  are  produced,  exaftly 
fimilar  to  the  parent. 

If  thefe  minute  bodies  are  eggs,  they  are  of  a fingular  kind*, 
being  dellitute  of  any  covering,  and  are  neither  membranaceous 
nor  cruflaceous ; we  cannot  with  propriety  fay  the  young  one3 
are  hatched  from  them ; we  can,  however,  perceive  thefe  oviform 
bodies  to  gradually  unfold  themfftves.  The  developement  is 
accomplifhed  in  a few  minutes,  and  an  animalculum  appears  like 
the  parent. 

Mr.  Trembley  amafled  a large  quantity  of  thefe  eggs,  and  car- 
ried them  from  England  with  him,  keeping  them  quite  dry; 
on  putting  them  into  water,  they  gradually  developed,  and  be- 
came as  perfeft  as  the  tubularia  from  which  they  proceeded. 

There  is  a very  great  fimilarity  in  the  conftruftion  of  this  little 
creature,  and  many  of  the  marine  polypes,  who,  like  it,  exift  in 
tubes  of  the  fame  growth  with  themfelves. 

Fig.  32  reprefents  three  tubularise  campanulatse,  or  plumed 
polypes,  very  much  magnified,  namely,  bfacddehgi,  which 
is  out  of  it’s  cell ; I B A C,  which  is  within  it’s  cell,  and  the  young 
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one,  tuus,  which  is  out  of  it’s  cell ; e h the  oefophagus,  f g the 
ftomach,  af  the  re£lum,  acdde  the  plume,  confiding  of  the 
bafe  e a c,  which  is  but  little  feen,  and  the  arms  ad  ad  ad  which 
proceed  from  the  edges  of  this  bafe;  I BA  C one  of  the  animals 
drawn  into  it’s  cell,  I A B the  fkin  reverfed,  in  which  the  plume  is 
contained ; g o o threads  which  are  fixed  at  one  end  to  the  intef- 
tines  of  the  animal,  by  the  other  to  the  bottom  of  the  cell.. 
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CHAR  VIII, 


Of  the  Animalcula  Infusoria, 


OU  R knowledge  of  the  microfcopic  world  is  at  prefent  very 
contrafted,  but  we  know  enough  to  give  us  high  concep- 
tions of  it’s  concealed  wonders,  and  to  fill  us  with  profound 
aftonifhment  at  the  infinite  variety  of  forms  that  are  made  recipi- 
ent of  life.  A few  of  the  inhabitants  of  this  world  have  been 
difcovered.  The  figure  and  apparent  habits  of  life  of  thefe, 
refemble  fo  little  thofe  with  which  we  are  more  acquainted,  that 
it  is  often  difficult  to  find  terms  to  exprefs  what  is  prefented  to 
the  eye.  It  is  highly  probable  that  there  are  many  gradations  of 
exiftence  far  below  the  minuteft  of  thofe  which  we  obferve  with 
the  microfcope ; and  though  by  this  we  are  enabled  to  difcover 
myriads  of  different  creatures  roving  in  the  leaft  drop  of  water,  as 
if  it  were  a fea,  yet  it  is  not  unreafonable  to  fuppofe  that  HE  who 
has  filled  the  immenfity  of  extent  with  funs  and  worlds,  has  peo- 
pled every  particle  of  fluids  with  more  minute  beings  than  any 
apparatus  of  our’s  can  perceive,  agreeable  to  the  fublime  ideas  of 
the  poet : 
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Gradual  from  thefe  what  num’rous  kinds  defcend, 
Evading  even  the  microfcopic  eye  ! 

Full  nature  fwarms  with  life  ; one  wondrous  mafs 
Of  animals,  or  atoms  organized, 

Waiting  the  vital  breath,  when  parent  heaven 
Shall  bid  his  fpirit  blow.  The  hoary  fen, 

In  putrid  fleams,  emits  the  living  cloud 
Of  peftilence ; thro’  fubterranean  cells. 

Where  fearching  fun-beams  fcarce  can  find  a way, 
Earth  animated  heaves.  The  flowery  leaf 
Wants  not  it’s  foft  inhabitants.  Secure, 

Within  it’s  winding  citadel,  the  ftone 
Holds  multitudes.  But  chief  the  foreft  boughs, 
That  dance  unnumber’d  to  the  playful  breeze. 
The  downy  orchard,  and  the  melting  pulp 
Of  mellow  fruit,  the  namelefs  nations  feed 
Of  evanefcent  infedfs.  Where  the  pool 
Stands  mantled  o’er  with  green,  invifible. 

Amid  the  floating  verdure,  millions  ffray. 

Each  liquid  too,  whether  it  pierces,  foothes, 
Inflames,  refrefhes,  or  exalts  the  tafle, 

With  various  forms  abounds.  Nor  is  the  ftream 
Of  purefl  cryftal,  nor  the  lucid  air, 

Tho’  one  tranfparent  vacancy  it  feems, 

Void  of  their  unfeen  people.  Thefe,  conceal’d 
By  the  kind  art  of  forming  heaven,  efcape 
The  groffer  eye  of  man  : 
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Let  no  prefuming  impious  railer  tax 
Creative  Wifdom,  as  if  aught  was  form’d 
In  vain,  or  not  for  admirable  ends. 

Shall  little  haughty  Ignorance  pronounce 
His  works  unwife,  of  which  the  fmalleft  part 
Exceeds  the  narrow  vilion  of  her  mind  ? 

As  if  upon  a full  proportion’d  dome. 

On  fwelling  columns  heav’d,  the  pride  of  art ! 

A critic  fly,  whofe  feeble  ray  fcarce  fpreads 
An  inch  around,  with  blind  prefumption  bold. 
Should  dare  to  tax  the  flruCture  of  the  whole. 

And  lives  the  man,  whofe  univerfal  eye 

Has  fwept  at  once  th’  unbounded  fcheme  of  things ; 

Mark’d  their  dependance  fo,  and  firm  accord. 

As  with  unfaultering  accent  to  conclude 
That  this  availeth  nought  ? Has  any  feen 
The  mighty  chain  of  beings  leffening  down 
From  infinite  perfection  to  the  brink 
Of  dreary  nothing,  defolate  abyfs  ! 

From  which  aftonifh’d  thought,  recoiling,  turns? 
Till  then  alone  let  zealous  praife  afcend. 

And  hymns  of  holy  wonder,  to  that  Power, 

Whofe  wifdom  fhines  as  lovely  on  our  minds. 

As  on  our  fmiling  eyes  his  fervant  fun. 
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Animalculum  fignifies  a little  animal,  and  therefore  the  term 
might  be  applied  to  every  animal  which  is  confiderably  inferior  in 
fize  to  ourfelves.  It  has  been  cuftomary,  however,  to  diflinguifh 
by  this  name  only  thofe  animals  that  are  of  a fize  fo  diminutive 
that  their  true  figure  cannot  be  difcerned  without  the  affi fiance  of 
glafies,  and  is  more  efpecially  applied  to  fuch  as  are  altogether 
invifible  to  the  naked  eye,  and  cannot  be  perceived  even  to  exift 
but  by  the  aid  of  microfcopes. 

By  thefe  we  are  brought  into  a new  world,  and  numberlefs  ani- 
mals are  difcovered,  which,  from  their  minutenefs,  muff  other- 
wife  for  ever  have  efcaped  our  obfervation  : and  how  many  kinds 
of  thefe  invifibles  there  may  be,  is  yet  unknown  ; as  they  are  dif- 
cerned of  all  fizes,  from  thofe  which  are  barely  invifible  to  the 
naked  eye,  to  fuch  as  refill;  the  adtion  of  the  microfcope,  as  the 
fixed  liars  do  that  of  the  telefcope,  and  wTith  the  greateft  powers 
hitherto  invented,  appear  only  as  fo  many  moving  points. 

> itoijfijr-j/j  n im  rc  ?.r,  I1-;  r 

The  fmallell  living  creatures  our  inllruments  can  Ihew,  are 
thofe  that  inhabit  the  waters  ; for  though  animalcula,  equally  mi- 
nute, may  flv  in  the  air,  or  creep  upon  the  earth,  it  is  fcarce 
polfble  to  get  a view  of  them  ; whereas,  water  being  tranfparent, 
and  confining  the  creatures  within  it,  we  are  enabled,  by  applying 
a drop  of  it  to  our  glalfes,  to  dncover  with  eafe  a great  part  of 
it’s  contents. 

It  has  been  long  known,  that  if  feeds,  herbs,  or  other  vegeta- 
ble fubltances,  are  infufed  in  water,  the  water  will  foon  be  filled 
with  an  indefinite  number  of  little  animals.  We  find  them,  in 
general,  moving  in  all  directions  with  equal  eafe  and  rapidity 
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fometimes  obliquely,  fometimes  ftrait  forwards,  at  other  times 
circularly,  one  while  rolling  and  turning  round,  and  then  running 
backwards  and  forwards  through  the  whole  dimenfions  of  the 
drop,  asifinfport;  at  other  times  attacking  with  avidity  the 
little  heaps  of  matter  they  meet  with  in  their  way.  They  know 
how  to  avoid  with  dexterity  any  obdacles  that  would  interrupt 
their  motion,  and  even  to  avoid  one  another ; you  may  fee  hun- 
dreds in  motion  in  a drop  of  water,  that  never  ftrike  againd  each 
other ; fometimes  they  will  fuddenly  change  the  direftion  in 
which  they  are  moving,  and  take  one  diametrically  oppofite 
thereto.  By  inclining  the  glafs  on  which  the  drop  of  water  is 
laid,  it  may  be  made  to  move  in  any  dire&ion ; the  animalcula 
in  the  drop  will  fwim  as  eafily  againll  the  dream  as  with  it. 

If  the  water  begins  to  evaporate,  and  the  drop  to  grow  fmalJer, 
they  flock  impetuoufly  towards  the  remaining  fluid  ; an  anxious 
defire  of  attaining  this  momentary  refpite  of  life  is  very  vifible,  as 
well  as  an  uncommon  agitation  of  the  organs  by  which  they  im- 
bibe the  water.  Thefe  motions  grow  languid  as  the  water  fails, 
till  they  at  lad  ceafe.  If  they  are  left  dry  for  a little  time,  it  is  im- 
poffible  to  re-animate  them  by  giving  them  fredi  water. 

Animalcula  and  infers  will  fupport  a great  degree  of  cold,  but 
both  one  and  the  other  perifh  when  it  is  carried  beyond  a certain 
point.  The  fame  degree  of  heat  that  dedroys  the  exidence  of 
infers,  is  fatal  to  animalcula  ; as  there  are  animalcula  produced 
in  water  at  the  freezing  point,  fo  there  are  infefls  which  live  in 
(now. 
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If  the  finalleft  drop  of  urine  is  put  into  a drop  of  water,  where 
thefe  animalcula  are  roving  about,  apparently  happy  and  eafy, 
they  inflantly  fly  to  the  other  fide,  but  the  acid  foon  communi- 
cating itfelf  to  this  part,  their  flruggles  to  efcape  are  increafed, 
but  the  evil  alfo  increafing,  they  are  thrown  into  convulfions,  and 
foon  expire. 

Among  animalcula,  as  in  every  other  part  of  nature,  there  is 
always  a certain  proportion  preferved  between  the  fize  of  the  in- 
dividuals and  their  number.  There  are  always  fewefl  amongft  the 
larger  kinds,  but  they  increafe  in  number  as  they  diminifh  in  fize, 
till  of  the  laft  or  loweft  to  which  our  powers  of  magnifying  will 
reach,  there  are  myriads  to  one  of  the  larger.  Like  other  ani- 
mals, they  increafe  in  fize  from  their  birth  till  they  have  attained 
their  full  growth.  When  deprived  of  food,  they  grow  thin  and 
perifh,  and  different  degrees  of  organization  are  to  be  difcovered. 
in  their  ftru&ure. 

The  birth  and  propagation  of  thefe  microfcopic  beings  is  as 
regular  as  that  of  the  largeft  animals  of  our  globe ; for  though 
their  extreme  minutenefs  prevents  us,  in  mofl  cafes,  from  feeing 
the  germ  from  which  they  fpring,  yet  we  are  well  allured,  from 
numerous  obfervations,  that  the  manner  in  which  they  multiply  is 
regulated  by  conllant  and  invariable  laws. 

We  have  feen  that  different  fpecies  of  the  hydra  and  vorticella 
multiply  and  increale  by  natural  divihons  and  fubdivifions  of  the 
parent’s  body ; this  manner  of  propagation  is  very  common  among 
the  animalcula  in  infufions,  though  with  many  remarkable  va- 
rieties. Some  multiply  by  a tranfverfe  divifion,  a contra&ion 
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takes  place  in  the  middle,  forming  a kind  of  neck,  that  becomes 
fmaller  every  inftant,  till  they  are  enabled  by  a flight  degree  of 
motion  to  feparate  from  each  other.  Thefe  animalcula,  in  gene- 
ral, ftudioufly  avoid  each  other;  but  when  -they  are  in  the  labour 
of  multiplication,  and  the  divifion  is  in  great  forwardnefs,  it  is 
not  uncommon  to  fee  one  of  them  precipitate  itfelf  on  the  neck  of 
the  dividing  animalcula,  and  thus  accelerate  the  feparation. 

Another  fpecies,  when  it  is  on  the  point  of  multiplying,  fixes 
itfelf  to  the  bottom  of  the  infufion  ; it  then  forms  an  oblong 
figure,  afterwards  becomes  round,  and  begins  to  turn  rapidly,  as  if 
upon  an  internal  center,  continually  changing  the  direction  of  it's 
rotatory  motion  ; after  fome  time,  we  may  perceive  twTo  lines  on 
the  fpherule,  forming  a kind  of  crofs  ; foon  after  wrhich,  the  ani- 
malculum  divides  into  four,  which  grow,  and  are  again  fubdivided. 

Some  multiply  by  a longitudinal  divifion,  which  in  one  kind 
begins  in  the  fore-part,  and  others  in  the  hind-part ; from  another 
kind  a fmall  fragment  is  feen  to  detach  itfelf,  which  very  foon 
acquires  the  form  of  the  parent  animalculum.  Laflly,  fome  propa- 
gate in  the  fame  manner  as  thofe  we  deem  more  perfedt  animals. 

From  what  has  been  faid,  it  appears  clearly  that  their  motions 
are  not  purely  mechanical,  but  are  produced  by  an  internal  fpon- 
taneous  principle,  and  that  they  muff  therefore  be  placed  among 
the  clafs  of  living  animals,  for  they  poflefs  the  flrongeft  marks, 
and  the  moft  decided  characters  of  animation ; and  confequently, 
that  there  is  no  foundation  for  the  fuppofition  of  a chaotic  and 
neutral  kingdom,  which  can  only  have  derived  it’s  origin  from  a 
very  tranfient  and  fuperficial  view  of  thefe  animalcula. 
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It  may  alfo  be  further  obferved,  that  as  we  fee  that  the  motions 
of  the  limbs,  See.  of  the  larger  animals  are  produced  by  the  me- 
chanical conftruclion  of  the  body,  and  the  aftion  of  the  foul 
thereon,  and  are  forced  by  the  ocular  demonflration  which  arifes 
from  anatomical  diffedlion,  to  acknowledge  this  mechan.frn  wh  ch 
is  adapted  to  produce  the  various  motions  necelfary  to  the  animal ; 
anti  as  when  we  have  recourle  to  the  microfcope,  we  find  thofe 
piece?  which  had  appeared  to  the  naked  eye  as  the  primary  me- 
chanical causes  of  the  particular  motions,  to  confift  themfelves  of 
leffer  parts,  which  are  the  caufes  of  motion,  extenfion,  &c.  in 
the  larger ; when  the  firuhture  CJn  therefore  be  traced  no  fur- 
ther by  the  eye  or  glafles,  we  have  no  right  to  conclude,  that 
the  parts  which  are  invihble  are  not  equally  the  fubjeft  of  me- 
c anifm : for  this  would  be  only  to  affert  in  other  words,  that  a 
thing  may  exiff  becaufe  we  fee  and  feel  it,  and  have  no  exiflence 
when  it  is  not  the  objeft  of  our  fenfes. 

The  fame  train  of  reafoning  may  be  applied  to  microfcopic  in- 
fefls  a ^d  animalcula  ; we  fee  them  move,  but  becaufe  the  mufcles 
and  members  which  occafion  thefe  motions  are  invihble,  fhall  we 
ini  r that  they  have  not  mufcles,  with  organs  appropriated  to  the 
rr  tion  of  the  whole  and  it’s  parts?  To  fay  that  they  exift  not, 

. caufe  we  cannot  perceive  them,  would  not  be  a rational  con- 

afion.  Our  fenfes  are  indeed  given  us,  that  we  may  compre- 
n^nd  fome  effefls  ; but  then  we  have  alfo  a mind  with  reafon 
bellowed  upon  us,  that  from  the  things  which  we  do  perceive 
with  our  fenfes,  we  may  deduce  the  nature  of  thofe  caufes  and 
effefls  which  are  imperceptible  to  the  corporeal  eye. 
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Mefirs.  Button,  Needham,  and  Baron  Munckhaufen,  have  con- 
fidered  this  part  of  animated  nature  in  fo  different  a light  from 
other  writers,  that  we  cannot  with  propriety  entirely  pafs  them 
over.  Mr.  Needham  imagined  that  there  was  a vegetative  force 
in  every  microfcopical  point  of  water,  and  every  vifible  filament 
of  which  the  whole  vegetable  contexture  confiffs;  that  the  feveral 
fpecies  of  microfcopic  animals  may  fubhde,  refolve  again  into 
gelatinous  filaments,  and  again  give  lefTer  animals,  and  fo  on, 
till  they  can  be  no  further  purfued  by  glaffes.  That  agreeable 
to  this  idea,  every  animal,  or  vegetable  fubffance,  advances  as 
faff  as  it  can  in  it’s  revolution,  to  return  by  a flow  defcert  to  one 
common  principle,  whence  it’s  atoms  may  return  again,  and 
afcend  to  a new  life.  That  notwithstanding  this,  the  fpecific 
feed  of  one  animal  can  never  give  another  of  a different  fpecies, 
on  account  of  the  preparation  it  muff  receive  to  conflitute  it  this 
fpecific  feed. 

M.  Buffon  afferts,  that  what  have  been  called  fpermatic  ani- 
mals, are  not  creatures  really  poffeffing  life,  but  fomething  proper 
to  compofe  a living  creature,  diflinguifhing  them  by  the  name 
of  organic  particles,  and  that  the  moving  bodies  which  are  to  be 
found  in  the  infufions,  either  of  animal  or  vegetable  fubftances, 
are  of  the  fame  nature. 

Baron  Munckhaufen  fuppofed  that  the  feeds  of  mufhrooms  were 
firff  animals,  and  then  vegetables ; and  this  becaufe  he  had  ob- 
ferved  fome  of  the  globules  in  the  infufions  of  mufhrooms,  after 
moving  fome  time,  to  begin  to  vegetate. 
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It  might  be  fufficient  in  the  firft  infiance  to  obferve,  that  Meff. 
Needham  and  BufFon,  by  having  recourfe  to  a vegetative  force, 
and  organic  particles,  to  account  for  the  exiflence,  and  explain 
the  nature  of  animalcula,  and  the  difficulties  of  generation,  have 
fubflituted  words  in  the  place  of  things,  and  that  we  are  no  gain- 
ers by  the  fubflitution,  unlefs  they  explain  the  nature  of  thefe 
powers.  But  to  this  we  may  add,  that  all  thofe  who  have  ex- 
amined the  fubjeft  with  accuracy  and  attention,  as  Bonnet, 
De  Sauffure,  Baker,  Wrifberg,  Spalanzane,  Haller,  Eliis,  Mul- 
ler, Leder  Muller,  Cord,  Roffredi,  &c.  difagree  wiih  the  fore- 
going gentlemen,  proving  that  they  had  deceived  themfelves  by 
inaccurate  experiments,  and  that  one  of  them,  M.  BufFon,  had 
not  feen  the  fpermatic  anim  Js  he  fuppofed  himfelf  to  be  defcrib- 
ing,  infomuch  that  Mr.  Needham  was  at  laft  induced  to  give  up 
his  favorite  hypothefis. 

To  this  we  may  add,  that  though  we  can  by  no  means  pretend 
to  account  for  the  appearance  of  mod  animalcula,  yet  we  cannot 
help  obferving,  that  our  ignorance  of  the  caufe  of  any  phe- 
nomenon is  no  argument  againft  it’s  exiflence.  Though  we  are 
not,  for  inflance,  able  to  account  in  a fatisfaflory  manner  for  the 
origin  of  the  native  Americans,  yet  we  fuppofe  M.  BufFon  him- 
felf would  reckon  it  abfurd  to  maintain,  that  the  Spaniards  on 
their  arrival  there  found  only  organic  particles  moving 
about  in  diforder.  The  cafe  is  the  very  fame  with  the  eels  in 
pafle,  to  whofe  animation  he  obje£ls.  They  are  exceed- 
ingly fmall  in  comparifon  with  us ; but,  with  the  folar  micro- 
fcope,  Mr.  Baker  has  made  them  affume  a more  refpeHable 
appearance ; fo  as  to  have  a diameter  of  an  inch  and  an  half, 
and  a proportionable  length.  They  fwam  up  and  down  very 
5 brifkly ; 
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brifkly  ; the  motion  of  their  inteftines  was  very  vifible;  when  the 
water  dried  up,  they  died  with  apparent  agonies,  and  their 
mouths  opened  very  wide.  Now,  were  we  to  find  a creature  of 
the  fize  of  this  magnified  eel  gafping  in  a place  where  water  had 
lately  been,  we  certainly  fhould  never  conclude  it  to  be  merely  an 
organic  particle,  or  fortuitous  afiemblage  of  them,  but  a fifh. 
Why  then  fhould  we  conclude  otherwife  with  regard  to  the  eel 
in  it’s  natural  (late,  than  that  it  is  a little  fifh?  In  reafoning  on 
this  fubject,  wTe  ought  ever  to  remember,  that  however  ellential 
the  diftin&ion  of  bodies  into  great  and  fmall  may  appear  to  us, 
they  are  not  fo  to  the  Deity,  with  wrhom,  as  Mr.  Baker  well  ex- 
prefies  himfelf,  f-  an  atom  is  a world,  and  a world  but  as  an 
atom? — Were  the  Deity  to  exert  his  power  a little  and  give  a 
natural  philofopher  a view  of.  a quantity  of  pafte  filled  with  eels, 
from  each  of  whofe  bodies  the  light  was  refletled  as  in  the  folar 
microfcope ; our  philofopher,  inftead  of  imagining  them  to  be 
mere  organic  particles,  (as  the  pafte  would  appear  like  a little 
mountain,)  he  would  probably  look  upon  the  whole  as  an 
afiemblage  of  ferpents,  and  be  afraid  to  come  near  them. 
Whenever,  therefore,  we  difcovcr  beings  to  appearance  endowed 
with  a principle  of  felf-prefervation,  or  whatever  we  make  the 
charafteriftic  of  animals,  neither  the  fmallnels  of  their  fize,  nor 
the  impofiibility  of  our  knowing  how  they  came  there,  ought  to 
caufe  us  to  doubt  of  their  being  animated.  * 


I (hall  here  infert  fome  extrafts  of  the  experiments  .made  by 
Mr.  Ellis  at  the  defire  of  M.  Linnaeus,  and  which  are  a full  refu- 
tation of  thofe  made  by  M.  Needham  and  B.  Munckhaufen.  By 

thofe 
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diofe  he  made  on  the  infufions  of  mufhrooms  in  water,  it  appear- 
ed evidently  that  the  feeds  were  pat  in  motion  by  minute  animals, 
which  arofe  on  the  decompofition  of  the  mufhroom  ; thefe,  by- 
pecking  ac  tlie  feeds,  which  are  little  round  reddifh  bodies, 
moved  them  about  with  great  agility  in  a variety  of  directions, 
while  the  little  animals  themlelves  were  fcarce  vifible  till  the  food 
they  had  eaten  difcovered  them. 

The  ramified  filaments,  and  jointed  or  coralloid  bodies,  which 
the  microfcope  difcovers  to  us  on  the  furface  of  molt  vegetable 
and  animal  infufions,  when  they  become  putrid,  and  which  were 
fuppofed  by  Mr.  Needham  to  be  zoophytes,  were  found  bv  Mr. 
Ellis  to  be  of  that  genus  of  fungi  called  mucor,  many  of  which 
have  been  figured  by  Michelius,  and  deferibed  by  Linnaeus. 
Their  vegetation  is  lo  quick,  that  they  may  be  feen  to  grow  and 
feed  under  the  eye  of  the  obferver ; other  inflances  of  fimilar 
mifiakes  in  Mr.  Needham’s  experiments  may  be  feen  in  Mr.  Ellis’s 

paper,  Philof.  Tranf.  vol.  fix.  p.  138. 

iili'v . 1 . 3 ' • i.  i ) C ; n . h ■ 

A fpecies  of  mucor  arifes  alfo  from  the  bodies  of  infecls  putre- 
fying in  water ; this  fpecies  fends  forth  a mafs  of  tranfparent 
filamentous  roots,  from  whence  arife  hollow  feed  velfels ; on  the 
top  there  is  a hole,  from  which  minute  globules  often  iffue  in 
abundance,  and  with  confiderable  elaflic  force,  which  move 
about  in  the  water.  It  will,  however,  be  found,  with  a little  at- 
tention, that  the  water  is  full  of  very  minute  animalcula,  which 
attack  thefe  feeds,  and  thus  prolong  their  motion;  but  after  a 
fmall  fpace  of  time  they  rife  to  the  furface,  and  remain  there 
without  any  moLion  a frefh  quantity  rifes  up,  and  floating  to 
the  edge  of  the  water,  remains  there  ina&ive ; but  no  appearance 
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can  be  obferved  of  detached  and  feparated  parts  becoming  what 
is  called  microlcopic  animalcula.  Indeed,  it  is  furprizing  that 
Mr.  Needham  fhould  ever  take  the  filaments  of  the  moiflened 
grains  for  any  thing  elfe  than  a vegetable  production,  a true  fpe- 
cies  of  mouldinefs. 

On  the  25th  of  May,  Fahrenheit’s  thermometer  70°,  Mr. 
Ellis  boiled  a potatoe  in  the  New  River  water  till  it  was  reduced 
to  a mealy  confidence.  He  put  part  of  it,  with  an  equal  propor- 
tion of  the  boiling  liquor,  into  a cylindrical  glafs  veflel,  that  held 
fomething  lefs  than  half  a wine  pint,  and  covered  it  clofe  imme- 
diately with  a glafs  cover.  At  the  fame  time  he  fliced  an  unboiled 
potatoe,  and,  as  near  as  he  could  judge,  put  the  fame  quantity 
into  a glafs  veflel  of  the  fame  kind,  with  the  fame  proportion  of 
New  River  water  not  boiled,  and  covered  it  with  a glafs  cover, 
and  placed  both  vefiels  clofe  to  each  other. 

On  the  26th  of  May,  twenty-four  hours  afterwards,  he  ex- 
amined a final  1 drop  of  each  by  the  firfl:  magnifier  of  Wilfons 
microfcope,  whofe  focal  diftance  is  reckoned  at  part  of  an  inch ; 
and,  to  his  amazement,  they  were  both  full  of  animalcula  of  a. 
linear  fhape,  very  diftinguifhable,  moving  to  and  fro  with  great 

Celerity ; fo  that  there  appeared  to  be  more  particles  of  animal; 

* 

than  vegetable  life  in  each  drop.. 

This  experiment  he  repeatedly  tried,  and  always  found  it  to 
fucceed  in  proportion  to  the  heat  of  the  circumambient  air  ; fo 
that  even  in  winter,  if  the  liquors  are  kept  properly  warm,  at 
leaft  in  two  or  three  days  the  experiment  will  fucceed. 
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The  animalcula  are  infinitely  fmaller  than  fpermatic  animals 
and  of' a very  different  fhape ; the  truth  of  which  every  accurate 
obferver  will  foon  be  convinced  of,  whole  curiofity  may  lead  him 
to  compare  them,  and  he  is  perfuaded  they  will  find  they  are  no 
way  akin. 

Having  learnt  from  Mr.  De  Sauffure,  of  Geneva,  that  he  found 
one  kind  of  thefe  animalcula  infuforia  that  increafe  by  dividing 
acrofs  into  nearly  two  equal  parts,  and  that  theinfufion  was  made 
from  hemp-feed,  he  procured  a quantity  of  this  feed,  fome  of  it 
he  put  into  New  River  water,  fome  into  diftillcd  water,  and  fome 
into  very  hard  pump  water  ; the  refult  was,  that  in  proportion  to 
the  heat  of  the  weather,  or  the  warmth  in  which  they  were  kept, 
there  was  an  appearance  of  millions  of  minute  animalcula  in  all 
the  infufions;  and,  fome  time  after,  fome  oval  ones  made  their 
appearance ; thefe  were  much  larger  than  the  firft,  which  Hill 
continued  ; thefe  wriggled  to  and  fro  in  an  undulatory  motion, 
turning  themfelves  round  very  quick  all  the  time  that  they  moved 
forwards. 

Mr.  Ellis  found  out,  by  mere  accident,  a method  to  make  their 
fins  appear  very  diflin&ly,  el'pecially  in  the  larger  kind  of  ani- 
malcula, which  are  common  to  mod  vegetable  infufions,  fuch  as 
the  terebella.  T his  has  a longifh  body,  with  a cavity  or  groove 
at  one  end,  like  a gimlet : by  applying  a fmall  (talk  of  the 
horfefhoe  geranium,  (or  geranium  zonale  of  Linnaeus)  frefh 
broken,  to  a drop  of  water  in  which  thefe  animalcula  are  fwim- 
ming,  we  (hall  find  that  they  will  become  torpid  inflantly,  con- 
tracting themfelves  into  an  oblong  oval  fhape,  with  their  fins  ex- 
tended like  fo  many  bridles  all  round  their  bodies.  The  fins  are 
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in  length  about  half  the  diameter  of  the  middle  of  their  bodies. 

o 

Before  he  difcovered  this  expedient,  he  tried  to  kill  them  by 
different  kinds  of  halts  and  fpirits  ; but  though  they  were  deffroyed 
by  this  means,  their  fins  were  fo  contracted,  that  he  could  not 
diftinguifh  them  in  the  lead.  After  lying  in  this  date  of  torpidity 
for  two  or  three  minutes,  if  a drop  of  clean  water  be  applied  to 
them,  they  will  recover  their  diape,  and  lwim  about  immediately, 
rendering  their  fins,  again  invifible. 

It  is  one  of  the  wonders  of  the  modern  philofophy  to  have 
invented  means  for  bringing  creatures,  to  imperceptible  as  the  va- 
rious anirnalcula,  under  our  cognizance  and  infpedion.  One 
might  well  have  deemed  an  objedt  that  was  a thoufand  times  too- 
little  to  a fie  61  our  fenfe,  as  perfectly  removed  from  human  did 
covery ; yet  we  have  extended  our  fight  over  animals  to  whom 
thefe  would  be  mountains.  In  reality,  the  greater  number  of 
microfcopic  anirnalcula  are  of  fo  fraall.  a fize,  that  through  a lens, 
whole  focal  didance  is  the  tenth  part  of  an  inch,  they  only  ap- 
pear as  fo  many  points  ; that  is,  their  parts  cannot  be  didingu idl- 
ed, fo  that  they  appear  from  the  vertex  of  that  lens  under  an 
angle  not  exceeding  the  minute  of  a degree.  If  we  invedigate 
die  magnitude  of  fucli  an  objedl,  it  will  be  found  nearly  equal  to. 
TooWof  an  inch  long.  Suppofing,  therefore,  thefe  anirnalcula  to 
be  of  a cubic  figure,  that  is,  of  the  fame  length,  breadth,  and 
thicknefs,  their  magnitude  would  be  expreded  by  the  cube  of  the 
fraction  toAoo,  that  is,  by  the  number  looodooVooooooo?,  that  is, 
each  animalculum  is  equal  to  fo  many  parts  of  a fquare  inch. 
This  contemplation  of  anirnalcula  has  rendered  the  idea  of  in- 
definitely fmall  bodies  very  familiar  to.  us ; a mite  was  formerly 
thought  the  limit  of  littlenefs,  but  we  are  not  now  furprized  to 
r ; * he 
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be  told  of  animals  many  millions  of  times  fmaller  than  a mite;  for 
there  are  fome  animalcula  fo  fmall,  that,  upon  calculation,  the 
whole  earth  is  not  found  large  enough  to  be  a third  proportional 
to  thefe  little  animals,  and  the  wha  e in  the  ocean.*  Thefe  con- 
fiderations  aie  Hill  further  heightened,  by  reflecting  on  the  internal 
firuffure  of  animalcula,  for  each  muff  have  all  the  proportion, 
fymmetry,  and  adjuffment  of  that  organized  texture,  which  is  in- 
difpenfibly  necefTary  for  the  feveral  funflions  of  life,  and  each 
muff  be  furnifhed  with  proper  organs,  tubes,  &c.  for  fecreting 
the  fluids,  digefting  it’s  food,  and  propagating  it’s  fpecies. 

Having  thus  given  a general  idea  of  the  properties  of  animal- 
cula, we  now  proceed  to  defcribe  the  various  individuals,  following 
the  arrangements  of  O.  F.  Muller, t and  giving  the  reader  the  dif- 
criminating  charaffers  by  which  he  has  diflinguifhed  them,  abridg- 
ing, enlarging,  or  altering  the  defcriptions,  to  render  them  in  fome 
inflances  more  exa£f,  in  others  lefs  tedious,  and  upon  the  whole 
I hope,  more  intereffing  to  the  reader. 

A METHODICAL  DIVISION  OF  THE  ANIMALCULA  INFUSORIA, 

I.  Thofe  that  have  no  external  organs. 

1.  Monas : punffiforme.  A mere  point, 

2.  Proteus : mutabile.  Mutable, 

3.  Volvox 

* Cyclopedia  Britannica,  Art.  Animalcule. 

+ Muller  Animalcula  Infuforia,  Fluviatilia  et  Marina, 
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3.  Volvox : fphaericum.  Spherical. 

4.  Enchelis : cylindraceum.  Cylindrical. 

5.  Vibrio  : elongatum.  Long. 

* Membranaceous,. 

6.  Cyclidium:  ovale.  Oval. 

7.  Paramaecium  : oblongum:  Oblong. 

8.  Kolpoda  : finuatum.  Sinuous. 

9.  Gonium  : angulatum.  With  angles. 

10.  Burfaria.  Hollow  like  a purfe. 

II.  Thofe  that  have  external  organs. 
* Naked,  or  not  inclofed  in  a fhell. 

1.  Cercaria  : caudatum.  With  a tail. 

2.  Trichoda:  crinitum. 

3.  Kerona : corniculatum.  With  horns. 

4.  Himantopus : cirratum.  Cirrated. 


r 


5.  Leu- 
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5.  Leucophra  : ciliatum  undique.  Every  part  ciliated. 

6.  Vorticella  : ciliatum  apice.  The  apex  ciliated. 

* Covered  with  a (hell. 

7.  Brachionus ciliatum  apice.  The  apex,  ciliated. 

I.  Monas. 

Vermis  inconfpicuus,  fimpliflimus,  pellucidus,  pun&iformis. 
An  invifible,*  pellucid^  fimple,  pun&iform  worm. 

1.  Monas  Termo*. 

Monas  gelatinofa.  Gelatinous  Mona.. 

Animalcules  femblable  a des  points,  fpall.  op.  phyf.  I.  p„ 

Bullae  continuo  motu,  Bonanni  obft  p.  174. 

Among  the  various  animalcula  which,  are  difcovered  by  the, 
microfcope,  this  is  the  mod  minute,  and  the  mod  fimple ; a 
fmall  jelly-like  point,  eluding  the  powers  of  the  compound 
microfcope,  and  being  but  imperfe&ly  feen  by  the  fingle  ; thefe, 
and  fome  others  of  the  mona  kind,  are  fo  delicate  and  {lender, 
that  it  is  no  wonder  they  often  efcape  the  fight  of  many  who 
have  examined  infufions  with  attention  ; in  a full  light  they  totally 

difappear 

* By  invifible  we  only  mean  that  they  arc  too  fmall  to  be  difcerned  by  the  naked 

eye. 
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difappear,  their  thin  and  tranfparent  forms  blending  as  it  were 
with  the  water  in  which  they  fwim. 

Small  drops  of  infufed  water  are  often  fo  full  of  thefe,  that  it 
is  not  eafy  to  difcover  the  leaf!  empty  fpace,  fo  that  the  water  it- 
felf  feems  changed  into  another  fubflance  lefs  tranfparent,  but 
confifting  of  an  innumerable  number  of  globular  points,  thick 
fown  together.  In  this  a motion  may  be  perceived,  fomething 
fimilar  to  that  which  is  obferved  when  the  fun’s  rays  fhine  on  the 
water,  the  animalcula  being  violently  agitated,  or  in  a commo- 
tion like  unto  a hive  of  bees.  It  is  very  common  in  ditch  water, 
and  in  almofl  all  infufions,  both  of  animal  and  vegetable 
fubflances. 

r » ■*  r 

2.  Monas  Atomus. 

• r y + 

( ’ 

Monas  albida  punflo,  variabili  inftrufla,  Plate  XXV.  Fig.  1. 
White  mona,  with  a variable  point. 

This  animalculum  appears  as  a white  point,  which,  when  it  is 
highly  magnified,  is  fomewhat  of  an  egg  fhape  ; the  fmaller  end 
is  generally  marked  with  a black  point,  the  fituation  of  this  is 
fometimes  varied,  and  found  at  the  other  end  of  the  animalcu- 
lum ; fometimes  two  black  points  are  to  be  feen  crofTmg  the 
middle  of  the  body. 

f ♦ / ■ ) • ' 1 | £ > * 

It  was  found  in  fea  water  that  had  been  kept  the  whole  winter ; 
it  was  not,  however,  very  foetid  ; there  were  no  other  animalcula 
in  the  fame  water. 


3.  Monas 
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3.  Monas  Pundlum. 

Monas  nigra.  A black  mona. 

A very  minute  point,  folid,  opake  and  black,  round  and  long. 
They  are  difperfed  in  the  infufion,  and  move  with  a flow  waver- 
ing  motion  ; were  found  in  a foetid  infuflon  of  pears. 

4.  Monas  Ocellus. 

Monas  hyalina  punfto  centrali  notata.  Tranfparent  like  talc* 
with  a point  in  the  middle. 

The  margin  black,  and  a black  point  in  the  middle ; it  moves 
irregularly,  is  found  in  ditches  covered  with  conferva,  and  fre- 
quently with  the  cyclidium  milium. 

5.  Monas  Lens. 

Monas  hyalina.  Tranfparent  mona,  of  a talcy  appearance. 

This  is  among  the  number  of  the  fmaller  animalcula,  nearly  of 
a round  figure,  and  fo  pellucid,  that  it  is  not  poflible  to  difcover 
the  leafl  veftige  of  inteflines.  Though  they  may  often  be  feen 
leparate,  yet  they  are  more  generally  collefled  together,  forming 
a kind  of  veficular  or  membranaceous  mafs.  Contrary  to  the 
culiom  of  other  animalcula,  they  feek  the  edges  of  the  eva- 
porating water,  the  confequence  of  which  is  almoft  immediate 
death.  When  the  water  is  nearly  evaporated,  a few  dark  fhades 
are  perceived,  probably  occafioned  by  die  wrinkling  of  the  body. 

3 M A flow 
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A flow  tremulous  motion,  confined  to  one  fpot,  may  be  per- 
ceived at  intervals;  this  in  a little  time  becomes  more  lively,  and 
foon  pervades  the  whole  drop. 

It’s  motions  arc,  in  general,  very  quick;  two  united  together 
mayfometimes  be  feen  fwimming  among  the  reft;  while  in  this 
fituation  they  have  been  miftaken  by  fome  writers  for  a different 
fpecies,  whereas  it  is  the  fame  generating  another  by  divifion. 

It  is  to  be  found  in  all  water,  though  but  feldom  in  that  which 
is  pure ; they  are  in  great  plenty  in  the  fummer  in  ditch  water, 
alfo  in  infufions  of  animal  or  vegetable  fubftances,  made  either  of 
frelh  or  fait  water,  myriads  being  contained  in  a drop  ; numbers, 
of  various  fizes,  are  to  be  found  in  the  filth  of  the  teeth. 

The  animalcula  of  this  and  the  firft  fpecies  are  fo  numerous  as 
to  exceed  all  calculation,  though  they  are  contained  in  a very 
confined  fpa,ce. 


6.  Monas  Mica. 

Monas,  circulo  notata.  Mona,  marked  with  a circle. 

This  lucid  little  point  may  be  difcovered  with  the  third  lens  of 
the  common  Angle  microfcope,  when  the  magnifying  power  is 
increafed  ; it  appears  either  of  an  oval  or  fpherical  figure,  for  it 
aflumes  either  at  pleafure.  It  is  tranfparent,  and  has  a fmall 
ellipfe  infcribed  as  it  were  within  it’s  circumference ; this  ellipfe  is 
moveable,  being  fometimes  in  the  middle,  fometimes  a little  to- 
wards the  fore-part,  at  others  nearer  the  hind-part. 

5 


There 


Microscopical  Essays. 


475 


There  is  a confiderable  variety  in  it’s  motions  ; it  often  turns 
round  for  a long  time  in  the  fame  place ; an  appearance  like  two 
kidneys  may  fometimes  be  perceived  in  the  middle  of  the  body, 
and  the  animalculum  is  beautifully  encompaffed  with  a kind  of 
halo,  arifing,  mod  probably,  from  invifible  and  vibrating  hairs. 

They  are  to  be  found  in  the  pureft  waters. 

7.  Monas  Tranquilla. 

Monas  ovata,  hyalina,  margine  nigro.  Egg-fhaped,  tranfpa- 
rent  mona,  with  a black  margin. 

Thefe  animated  points  feem  to  be  nearly  fixed  to  one  fpot, 
where  they  have  a vacillatory  motion.  They  are  frequently  fur- 
rounded  with  a halo,  and  differ  in  their  figure,  being  fometimes 
rather  lpherical,  at  others  quadrangular.  The  black  margin  is 
not  always  to  be  found,  and  fometimes  one  would  ahnoft  be 
tempted  to  think  it  had  a tail.  It  is  found  in  urine  which  has 
been  kept  for  a time.  The  urine  is  covered,  after  it  has  remained 
in  the  vefiel,  with  a dark-coloured  pellicule,  in  which  thefe  ani- 
mals live : although  the  urine  was  preferved  for  feveral  months, 
no  new  animalcula  were  obferved  therein.  It  has  been  already 
fiiewn,  that  a drop  of  urine  is  in  general  fatal  to  other  animalcula, 
yet  we  find  that  it  has  animated  beings  of  a peculiar  kind,  appro- 
priated to,  and  living  in  it. 


3 M 2 
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8.  Monas  Lamellula. 

Monas,  hyalina  comprefla.  Flat  tranfparent  monas. 

This  is  moflly  found  in  fait  water.  It  is  of  a whitifh  colour, 
more  than  twice  as  long  as  it  is  broad,  tranfparent,  with  a dark 
margin,  the  motion  vacillatory  it  often  appears  as  if  double; 

9.  Monas  PulvHcuIus. 

Monas  hyalina,  margin!  virente.  Tranfparent  mona,  with  a 
green  margin. 

Little  fpherical  pellucid  grains,  of  different  fizes,  the  circum- 
ference green,  a green  bent  line  paffes  through  the  middle  of 
fome,  probably  indicating  that  they  are  near  feparating,  or  di- 
viding, into  two  diflinfl  animalculum  ; fometimes  three  or  four, 
at  others  fix  and  feven,  or  even  more,  are  collefled  together. 
They  rove  about  with  a wavering  motion,  and  are  moflly  found 
in  the  month  of  March  in  marfhy  grounds. 

l 

10.  Monas  Uva. 

Monas  hyalina  gregaria.  Tranfparent  gregarious  monas. 

It  is  not  eafy  to  decide  on  the  nature  of  thefe  little  affemblages 
of  corpufcles,  which  fometimes  confifl  of  five,  at  other  times  of 
four,  and  frequently  of  many  more  ; the  corpufcles  are  of  different 
fizes,  according  to  the  number  colledled  in  one  group.  When 

collefled 
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collected  in  a heap,  the  only  motion  they  have  is  a kind  of  revo- 
lution, or  rolling  round.  The  fmaller  particles  feparate  from  the 
larger,  often  dividing  into  as  many  portions  as  there  are  con- 
fhtuent  panicles  in  the  group;  when  feparated,  they  move  about 
with  incredible  fwiftnefs. 

To  try  whether  this  was  a group  of  animalcula  collected  toge- 
ther by  chance,  or  whether  it  was  their  natural  hate  to  be  thus 
grouped  together,  the  following  experiment  was  made.  A fingle 
corpufcle  was  taken  the  moment  it  was  feparated  from  the  heap, 
and  placed  in  a glafs  by  itfelf;  it  foon  increafed  in  fize,  and  when 
it  had  attained  nearly  the  fame  bulk  as  the  group  from  which  it 
was  feparated.  the  furface  began  to  affume  a wrinkled  appearance, 
which  gradually  changed  till  it  became  exaflly  fimilar  to  the 
parent  group.  This  new-formed  group  was  again  decompofed, 
like  the  preceding  one,  and  in  a little  time  the  feparated  particles 
became  as  large  as  that  from  which  they  proceeded. 

It  is  found  in  a variety  of  infufions. 

II.  Proteus. 

Vermis  inconfpicuus,  fimpliciffimus,  pellucidus,  rnutabilis.  An 
invifible,  very  fimple,  pellucid  worm,  of  a variable  form. 

11.  Proteus  Diffluens. 

Proteus  in  ramulos  diffluens,  Fig.  2 and  3,  Plate  XXV.  Pro- 
teus, branching  itfelf  out  in  a variety  of  dire£lions. 


A very 
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A very  fingular  animalculum,  appearing  only  as  a grey 
mucous  mafs ; it  is  filled  with  a number  of  black  globules,  of 
different  fizes,  and  is  continually  changing  it’s  figure.  Being 
formed  of  a gelatinous  pellucid  fubffance,  the  fhape  is  eafily 
altered,  and  it  pufhes  out  branches  of  different  lengths  and 
breadths.  The  globules  which  are  within  divide  and  pafs  imme- 
diately into  the  new-formed  parts,  always  following  the  various 
changes  of  form  in  the  animalcula.  The  changes  that  are  ob- 
ferved  in  the  form  of  this  little  creature,  do  not  arife  from  any 
extraneous  caufe,  but  are  entirely  dependent  on  it’s  internal 
powers. 

It  is  to  be  met  with  but  very  feldom ; the  indefatigable  Muller 
only  faw  it  twice,  although  he  examined  fuch  an  immenfe  variety 
of  infufions. 

It  is  to  be  found  in  fenny  fituations. 

12.  Proteus  Tenax. 

Proteus  in  fpiculum  diffluens,  Fig.  4 and  5,  Plate  XXV. 
Proteus,  running  out  into  a fine  point. 

A gelatinous  pellucid  body,  ftored  with  black  molecules ; it 
changes  it’s  form  like  the  preceding,  but  always  in  a regular  order, 
firft  extending  itfelf  out  in  a ffrait  line,  the  lower  part  terminating 
in  an  acute  bright  point,  without  any  inteftines,  and  the  globules 
being  all  collided  in  the  upper  part,  it  next  draws  the  pointed 
end  up  towards  the  middle  of  the  body,  fwelling  it  into  a round 
Torm.  The  contra£lion  goes  on  for  fome  time,  after  which  the 

lower 
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lower  part  is  fwelled  out  as  it  is  reprefented  in  Fig.  4 ; the 
point  is  afterwards  proje&ed  from  this  ventricofe  part.  It  pafles 
through  five  different  forms  before  it  arrives  at  that  whieh  is  feen 
at  Fig.  4.  It  fcarcely  moves  from  one  fpot,  only  bending  about 
fide  ways.  It  is  to  be  found  in  river  water,  where  the  C nitida 
grows, — a the  tail,  c the  head,  d the  protuberant  fwelling. 

III.  V O L V O X. 

Volvox  inconfpicuus  fimpliciffimus,  pellucidus,  fphaericus. 
An  invifible,  very  fimple,  pellucid,  fphaericai  worm. 

23.  Volvox  Punftum. 

Volvox  fphaericus,  nigricans,  pundlo  lucido.  Spherical,  of  a 
black  colour,  with  a lucid  point. 

A fmall  globule;  one  hemifphere  is  opake  and  black,  the 
other  has  a pellucid  cryftalhne  appearance  ; a vehement  motion 
is  obfervable  in  the  dark  part.  It  moves  in  a tremulous  manner, 
and  often  pafles  through  the  drop,  turning  round  as  if  upon  an 
axis.  Many  may  be  often  feen  joined  together  in  their  paffage 
through  the  water,  they  fometimes  move  as  in  a little  whirlpool, 
and  then  feparate.  It  is  found  in  great  numbers  on  the  furface  of 
foetid  fea  water. 


14.  Vol- 
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14.  Volvox  Granulum. 

Volvox  fphaericus,  viridis,  peripheria  hyalina.  Spherical  and 
green,  the  circumference  of  a bright  colour. 

There  feems  to  be  a kind  of  green  opake  nucleus  in  this  ani- 
malculum ; the  circumference  is  tranfparent.  It  is  to  be  found 
generally  in  the  month  of  June,  in  marfhy  places;  it  moves  but 
flowly. 

15.  Volvox  Globulus. 

Volvox  globofus,  poftice  fubobfcurus.  Globular  volvox,  the 
hinder  part  fomewhat  obfcure. 

This  globular  animalculum  is  ten  times  larger  than  the  mona 
lens ; it  verges  fometimes  a little  towards  the  oval  in  it’s  form. 
The  inteftines  are  juft  viftble,  and  make  the  hinder  part  of  the 
body  appear  opake  ; it  has  commonly  a flow  fluttering  kind  of 
motion,  but  if  it  is  difturbed  the  motion  is  more  rapid. 

It  is  found  in  moft  infufions  of  vegetables. 

16.  Volvox  Pilula. 

Volvox  fphaericus,  interaneis  immobilibus  virefcentibus.  Small 
round  volvox,  with  immoveable  green  inteftines; 

This  is  a fmall  tranfparent  animalculum  ; it’s  inteftines  are  im- 
moveable, of  a green  colour,  and  are  placed  near  the  middle  of 

the 
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the  body  the  edges  often  yellow  ; a fmall  obtufe  incifion  may  be 
difcovered  on  the  edge,  which  is,  perhaps,  the  mouth  of  the 
animalculum.  This  little  creature  appears  to  be  encompaffed 
with  a kind  of  halo,  or  circle.  If  this  is  occafioned  by  the  vibra- 
tory motion  of  any  fringe  of  hairs,  they  are  invifible  to  the  eye, 
even  when  affifted  by  the  microfcope. 

It  feems  to  have  a kind  of  rotatory  motion,  at  one  time  flow, 
at  another  quick,  and  is  to  be  found  in  water  where  the  lemna 
minor  grows,  fometimes  as  late  as  the  month  of  December. 


17.  Volvox  Grandinella. 

Volvox  fphaericus,  opacus,  interaneis  immobilibus.  Spherical 
and  opake,  with  immoveable  inteffines. 

This  is  much  fmaller  than  the  preceding,  and  is  marked  with 
feveral  circular  lines ; no  motion  is  to  be  perceived  among  the  in- 
terior molecules.  It  fometimes  moves  about  in  a ftrait  line,  fome- 
times it’s  courfe  is  irregular,  at  others  it  keeps  in  the  fame  fpot, 
with  a tremulous  motion. 

28.  Volvox  Socialis. 

Volvox  fphaericus,  moleculis  cryflallinis,  aequalibus  diftantibus. 
Spherical  volvox,  with  cryftalline  molecules,  placed  at  equal 
chilances  from  one  another.. 
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When  very  much  magnified,  this  animalculum  Teems  to  have 
Tome  relation  to  the  vorticella  focialis,  as  Teen  with  the  naked  eye. 
It  confifis  oT  cryftalline  molecules,  diTpoTed  in  a Tphere,  and 
filling  up  the  whole  circumference ; they  are  all  oT  an  equal  fize. 
Whether  they  are  included  in  a common  membrane,  or  whether 
they  are  united  by  one  common  ftalk,  as  in  the  vorticella  Tocialis, 
has  not  been  difcovered.  We  are  alfo  ignorant  oT  the  exaft 
figure  oT  the  little  particles  of  which  it  is  compoTed ; when  a very 
large  magnifying  power  is  ufed,  Tome  black  points  may  be  dif- 
cerned  in  the  center  of  the  cryftalline  molecules.  The  motion  is 
fometimes  rotatory,  Tometimes  from  right  to  left,  and  the  con- 
trary. It  is  found  where  the  chara  vulgaris  has  been  kept. 

19.  Volvox  Sphaerieula. 

Volvox  fphaericus,  moleculis  fimilaribus  rotundis.  Spherical 
volvox,  with  round  molecules. 

This  fpherule  is  formed  of  pellucid  homogeneous  points,  of  dif- 
ferent fizes.  It  moves  flowly  about  a quarter  of  a circle  from 
right  to  left,  and  then  back  again  from  left  to  right. 


20.  Volvox  Lunula. 

Volvox  hemifphaericus,  moleculis  fimilaribus  lunatis.  An 
hemifpherical  volvox,  with  lunular  molecules.  Fig.  7,  Plate 
XXV. 
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Is  a fmall  roundifh  tranfparent  body,  compofed  of  innumerable 
molecules,  homogeneous,  pellucid,  and  of  the  fhape  of  the  moon 
in  it’s  firft  quarter,  without  any  common  margin. 

It  is  in  a continual  twofold  motion  ; the  one  of  the  whole  mafs 
turning  (lowly  round,  the  other  of  the  molecules  one  among  the 
other.  They  are  found  in  marfhy  places  in  the  beginning  of 
fpring. 

21,  Volvox  Globator. 

Volvox  fphaericus  membranaceus.  Spherical  membranaceous 
volvox. 

This  is  a tranfparent  globule,  of  a greenilh  colour ; the  fetus 
is  compofed  of  fmaller  greenilh  globules.  It  becomes  whiter  and 
brighter  with  age,  moves  (lowly  round  it’s  axis,  and  may  be  per- 
ceived by  the  naked  eye. 

But  to  the  microfcope  the  fuperficies  of  this  pellucid  membrane 
-appears  covered  with  molecules,  as  if  it  were  granulated,  which 
has  occafioned  fome  obfervers  to  imagine  it  to  be  hairy ; the 
round  pellucid  molecules  that  are  fixed  in  the  center  are  generally 
large  ft  in  thofe  that  are  young.  The  exterior  molecules  may  be 
wiped  off,  leaving  the  membrane  naked. 

When  the  young  ones  are  of  a proper  fize,  the  membrane 
opens,  and  they  pafs  through  the  fiffure;  after  this,  the  mother 
melts  away.  They  fometimes  change  their  fpherical  figure,  the 
fuperficies  being  flattened  in  different  places. 
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Moft  authors  rpeak  of  finding  eight  leffer  globules  within  the 
larger;  but  Muller  fays,  that  he  has  counted  thirty  or  forty  of 
different  ltzes.  This  wonderful  incapfulation  of  it’s  progeny  is 
well  known ; indeed  it  often  exhibits  itfelf  big  with  children  and 
grandchildren. 

Leeuwenhoeck  was  the  firfb  who  noticed  this  carious  animalcu- 
lum,  anddepiffedit;  acircumflance  which  has  not  been  mentioned 
by  Baker  and  other  microfcopic  writers  who  have  defcribed  it. 
It  may  be  found  in  great  plenty  in  ffagnant  waters  in  ipring  and 
fummer,  and  in  infufions  of  hemp-feed  and  tremella. 

It  is  thus  defcribed  by  Mr.  Baker.  This  lingular  minute  water 
animal,  feen  before  the  microfcope,  appears  to  be  exadtly  globu- 
lar, without  either  head,  tail,  or  fins.  It  moves  in  all  diredlions, 
forwards  or  backwards,  up  or  down,  rolling  over  and  over  like  a 
bowl,  fpinning  horizontally  like  a top,  or  gliding  along  fmoothly 
without  turning  itfelf  at  all.  Sometimes  it’s  motions  are  very 
flow,  at  other  times  very  fwift ; and  when  it  pleafes  it  can  turn 
round  as  upon  an  axis  very  nimble,  without  moving  out  of  it’s 
place.  The  body  is  tranfparent,  except  where  the  circular  fpots 
are  placed,  which  are  probably  it’s  young.  The  lurface  of  the 
body  in  fome  is  as  it  were  dotted  all  over  with  little  points-,  and 
in  others  as  if  granulated  like  fhagreen.  Mr.  Baker  thought  alfo 
that  in  general  it  appeared  as  if  it  was  fet  round  with  fhort  move- 
able  hairs. 

By  another  writer  they  are  thus  defcribed.  Thefe  animalcula 
are  at  firff  very  fmall,  but  grow  fo  large  as  to  be  difeerned  with 
the  naked  eye  ; they  are  of  a yellowifh  green  colour,  globular 
5 figure* 
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figure,  and  in  fubfiance  membranaceous  and  tranfparent ; in  the 
midft  of  tnis  fubfiance  feveral  fmall  globes  may  be  perceived; 
each  of  thefe  are  fmaller  animalcula,  which  have  alfo  their 
diaphanous  membrane,  and  contain  within  themfelves  hill  lm.-ller 
generations,  which  may  be  diflinguifhed  by  the  afliflance  of  very 
powerful  glades.  The  larger  globules  may  be  feen  to  efcape 
from  the  parent,  and  then  increafe  in  hze,  as  we  have  already 
obferved, 

22.  Volvox  Morutn. 

Volvox  membranaceus  orbicularis,  centro  moleculis  fphaericis 
viridibus.  Membranaceous  orbicular,  with  fpherical  green  mole- 
cules in  the  center. 

This  animalculum  has  fome  refemblance  to  the  volvox  uva, 
but  is  fufhciently  dihinguifhed  by  the  furrounding  bright  orbicular 
membrane.  The  middle  part  is.  full  of  clear  green  globules. 
The  globules  feldom  move,  though  a quivering  motion  may 
fometimes  be  perceived  at  the  center.  It  has  a flow  rotatory  mo- 
tion, and  is  found  amongfl  the  lemna,  in  the  months  of  October 
and  December. 


23.  Volvox  Uva. 

Volvox  globofus,  moleculis  fphaericis  virefcentibus  nudis. 
Globular  volvox,  compofed  of  green  fpherical  globules,  which 
are  not  inclofed  in  a common  membrane. 
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This  animalculum  Teems  to  be  a kind  of  medium  between  the 
volvox  pillula  and  the  gonium  pe&orale,  being  like  the  one  com- 
pofed  of  green  fpherules,  and  in  form  refembling  the  other. 

It  conftfts  of  a congeries  of  equal  globules  of  a greenilh  colour, 
with  a bright  fpot  in  the  middle  ; the  whole  mafs  is  fometimes  of 
a fpherical  form,  fometimes  oval,  without  any  common  mem- 
brane ; a kind  of  halo  may  be  perceived  round  it,  but  whether 
this  is  occafioned  by  the  motion  of  any  invifible  hairs  has  not 
been  difcovered.  The  mafs  generally  moves  from  right  to  left, 
and  from  left  to  right ; fcarce  any  motion  can  be  difcovered  in 
the  globules  themfelves.  It  was  found  in  the  month  of  Augulf, 
in  water  where  the  lemna  polyrrhiza  was  growing.  Two  malles 
of  thefe  globules  have  been  feen  joined  together.  They  contain 
from  four  to  fifty  of  the  globules,  of  which  a folitary  one  may 
now  and  then  be  found. 

24.  Volvox  Vegetans. 


Volvox  ramulis  fknplicibus  & drhitomis,  rofula  globu lari  ter- 
minals. A volvo>  with  fimple  dichitomous  branches,  terminating 
in  a little  bunch  of  globules. 


It  confifts  of  a number  of  floccofe  opake  branches,  which  are 
invifible  to  the  naked  eye ; at  the  apex  of  thefe  there  is  a little 
congeries  of  very  minute  oval  pellucid  corpufcles.  Muller  at  firft 
thought  it  to-be  a fpecies  of  microfcopic  and  river  fertularia  ; but 
afterwards  he  found  the  bunches  quitting  the  branches,  and 
Twimming  about  in  the  water  with  a proper  fpontaneous  motion. 

Many  old  branches  were  found  deferted  of  their  globules,  while 
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the  younger  branches  were  furniflied  with  them.  It  was  found  in 
river  water  in  November  1779  and  1780. 

IV.  E n c H e l 1 s. 

Vermis  inconfpicuus,  fimpliciflimus,  cylindraceus.  An  invi- 
fible,  fimple,  cylindric  worm. 

25.  Enchelis  Viridis. 

Enchelis  fubcylindrica,  antice  oblique  truncata.  Green  enche- 
lis, of  a fubcyhndric  figure,  the  fore-part  truncated. 

This  is  an  op  ke,  green,  fubcylindric  animaVulum,  with  an 
obtufe  tail,  the  fore-part  terminating  in  an  acute  truncated  angle; 
the  inteftines  oblcure  and  indiftin£l. 

It  is  continually  varying  in  it’s  motion,  turning  from  right 
to  left. 

2 6.  Enchelis  Pun&ifera. 

Enchelis  viridis,  fubcylindracea,  antice  obtufa,  poftice  acumi- 
nata, Fig.  8,  Plate  XXV.  Green  enchelis,  fubcylindric,  the 
fore-part  obtufe,  the  hinder-part  pointed. 

It  is  an  opake  animalculum,  of  a green  colour ; there  is  a fmall 
pellucid  fpot  in  the  fore-part  a,  in  which  two  black  points  may 
be  feen  ; a kind  of  double  band,  c c,  croffes  the  middle  of  the 
body.  The  hinder  part  is  pellucid  and  pointed ; an  incifion 
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is  difcoverable  at  the  apex  of  the  fore-part,  which  feems  to  he 
the  mouth.  When  in  motion,  the  whole  of  it  appears  opake  and 
green.  Is  found  in  marfhes. 

27.  Enchelis  Defes. 

Enchelis  viridis,  cylindrica,  fubacuminata  gelatinofa.  Green, 
cylindrical,  gelatinous,  the  ends  fomewhat  pointed. 

The  body  is  round,  the  colour  a very  dark  green,  fo  that  it  is 
quite  opake  ; the  fore-part  is  bluntly  rounded  off.  the  hinder  part 
is  fomewhat  tapering,  but  finilhes  with  a rounded  end.  From  it’s 
opacity,  no  internal  parts  can  be  difcovered ; there  is  a degree  of 
tranfparency  near  the  ends. 

It  is  exceeding  idle,  moving  veryflowly ; to  be  found,  though 
rarely,  in  an  infufion  of  Jemnae. 

28.  Enchelis  Similis. 

Enchelis  obovato-opaca,  interaneis  mobilibus.  Enchelis  of  an 
egg-fhape,  opake,  with  moveable  inteftines. 

It  is  an  opake  body,  with  a pellucid  margin  ; both  extremities 
are  obtufe,  but  the  upper  one  much  more  fo  than  the  under  one ; 
it  is  filled  with  moveable  fpherules.  It’s  motion  is  generally 
quick,  either  to  the  right  or  the  left ; it  is  probably  furnifhed  with 
hairs,  becaufe,  when  moving  rapidly,  the  margin  appears  firi- 
ated.  It  is  found  in  water  that  has  been  kept  for  months. 
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29.  Enchelis  Serotina. 

Enchelis  ovato-cylindracea,  interaneis  immobilibus.  En- 
chelis partly  oval,  partly  cylindrical,  the  interior  parts  immove- 
able. 

An  oval  animalculum,  round,  the  fore-part  finaller  than  the 
hind-part,  the  margin  of  a black  colour  ; it  is  replete  with  grey 
vehicular  molecules,  and  moves  {lowly. 

T 

30.  Enchelis  Nebulofa. 

Enchelis  ovato-cylindracea,  interaneis  manifeflis  mobilibus.. 
Oval  and  cylindric  enchelis,  with  vifible  moveable  inteftines. 

The  body  is  fhaped  like  an  egg,  the  fore  part  narrow,  and 
often  filled  with  opake  confufed  inteftines  ; in  moving,  it  elevates 
the  fore-part  of  the  body.  It  is  found  in  the  fame  water  as  the 
cyclidium  glaucoma,  but  is  three  times  larger,  and  an  hundred 
times  more  fcarce. 


31.  Enchelis  Seminulum. 

Enchelis  cyiindracea  tequalis.  Enchelis  equally  cylindric. 

It  is  a cylindrical  animalculum,  twice  as  long  as  it  is  broad, 
the  fore  and  hind-part  of  the  fame  fize  ; the  inteftines  in  the  fore- 
part are  pellucid,  thofe  in  the  hinder-part  obfcure.  It  moves  by 
amending  and  defcending  alternately.  It  may  be  feen  fometirnes 
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fwimming  about  with  the  extremities  joined  together.  Found  in 
water  that  has  been  kept  for  fome  days. 

32.  Enchelis  Intermedia. 

Enchelis  cylindracea,  hyalina,  margine  nigricante.  Cylindri- 
cal enchelis,  tranfparent,  with  a blackifh  margin. 

This  animalculum  forms  an  intermediate  kind  between  the 
monas  punftum,  the  enchelis  feminulum,  and  the  cyclidium 
milium.  It  is  one  of  the  fmalleft  among  the  animalcula.  The 
body  is  tranfparent,  it  has  no  vifible  inteftines,  the  fore  and  hind- 
part  are  of  an  equal  fize,  the  edge  of  a deeper  colour  than  the 
reft  of  the  body ; a point  is  to  be  feen  in  the  middle  of  fome  of 
them,  in  others  it  is  as  if  a line  palled  through  the  middle. 

33.  Enchelis  Ovulum. 

Enchelis  cylindrico-ovata  hyalina.  Egg-fhaped  tranfparent 
enchelis. 

A tranfparent,  round,  egg-fhaped  animalculum ; nothing  is 
difcovered  within  fide,  even  by  the  third  magnifier  ; but  with  an 
increafed  power  fome  long  foldings  may  be  feen  on  the  fuper- 
ficies,  and  here  and  there  a few  bright  molecules* 

34.  Enchelis  Pirum. 

Enchelis  inverfe  conica,  poflice  hyalina.  Pear-form  enchelis, 
the  hinder-part  tranfparent. 
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This  enchelis  is  lively  and  pellucid,  the  fore-part  is  protu- 
berant, and  filled  with  molecules,  the  hinder-part  fmaller  and 
empty ; it  has  moveable  molecular  inteftines.  It’s  motion  is 
rapid,  palling  backwards  and  forwards  through  the  diameter  of 
the  drop.  When  at  reft,  it  feems  to  have  a little  fwelling,  or 
tubercle,  on  the  middle  of  the  body. 


35.  Enchelis  T remula. 

Enchelis  ovato-cylindracea,  gelatina.  Oval  enchelis,  cylin- 
drical, gelatinous. 

This  is  alfo  to  be  placed  amongft  the  moft  minute  animalcula ; 
the  end  of  it  is  rather  pointed,  and  has  a tremulous  motion ; it 
almoft  induces  one  to  think  it  has  a tail.  Two  of  thefe  little  crea- 
tures may  at  times  be  perceived  to  adhere  together.  It  was  found 
in  an  infufion  with  the  paramsecia  aurelia,  and  many  other  ani- 
malcula. 


36.  Enchelis  Conftri&a. 

Enchelis  obovata,  cryftallina,  medio  coarflata.  Suboval  en- 
chelis, cryftalline,  with  a ftridlure  in  the  middle. 

An  animalculum  of  an  oval  lhape,  the  middle  part  drawn  in, 
as  il  a firing  was  tied  round  it.  It  is  of  a very  fmall  fize,  and  is 
found  in  fait  water. 
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37.  Enchelis  Pulvifculus. 

Enchelis  eliptica,  interaneorum  congerie  viridi.  Of  an  elip-- 
tic  fhape,  with  a congeries  of  green  inteftines. 

It  is  a round  animalculum,  pellucid,  the  fore-part  obtufe,  the 
hind-part  rather  (harp,  marked  with  green  fpots  ; myriads  may- 
iometimes  be  feen  wandering  about  in  one  drop ; it  is  found., 
among  the  green  matter  on  the  fides  of  the  veffels  in  which  water 
has  been,  kept  for  fome  time. 

38.  Enchelis  Fufus. 

Enchelis  cylindracea,  utraque  extremitate  anguftiore  truncata. 
Cylindrical  enchelis,  both  ends  truncated. 

The  body  is  round  and  tranfparent,  the  fore  and  hind-part 
fmaller  than  the  reft  of  the  body,  and  equally  fo,  the  ends  a little 
truncated.  In  the  infide  a long  and  fomewhat  winding  inteftine,. 
a fky-coloured  bright  fluid,  and  fome  black  molecules  tranf- 
verfely  fituated,  may  be  difcerned. 

It’s  motions  are  languid ; was  found  in  pure  water. 


39.  Enchelis  Fritillus. 

A cylindric  enchelis,  the  fore-part  truncated. 
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This  is  one  of  the  molt  tranfparent  animalcula  ; the  hinder- 
part  of  an  obtufe  convexity,  tlie  fore-part  truncated.  Muller 
lufpe&s  that  there  is  a rotatory  organ  in  the  fore-part.  No  in- 
terlines can  be  feen.  It  runs  backwards  and  forwards  through 
the  drop  in  a diametrical  line,  with  a wavering  motion  ; fome- 
times  turns  round  for  a moment,  but  prefently  enters  on  it’s 
ufual  courfe.  Is  found  in  an  infufion  of  grafs  and  hay. 


40.  Enchelis  Caudata. 

Encheiis  elongata,  antice  obtufa,  poftice  in  caudam  hyalinam 
attenuata.  Fig.  9,  Plate  XXV.  Enchelis  with  a long  body,  the 
fore- part  obtufe,  the  hinder-part  diminilhing  into  a kind  of 
tail. 

The  body  is  of  a grey  colour,  pellucid,  with  globular  mole- 
cules divided  from  each  other,  and  difperfed  through  the  whole 
body ; the  fore-part,  a,  thick  and  obtufe,  the  hind-part,  b, 
cryltalline  and.  fmall,  the  end  truncated,.  It  is  but  feldom  met 
with. 


41.  Enchelis  Epiftomium. 

Enchelis  cylindrico-elongata,  apice  gracili  fubglobofo.  En- 
chelis with  a long  cylindric  body,  the  fore-part  {lender  and 

roundifh,. 
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It  is  among  the  fmaller  animalcula ; the  body  is  cylindrical 
and  bright,  the  hind-part  obtufe,  the  fore-part  fmaller,  and  ter- 
minating in  a globule  ; a black  line  may  now  and  then  be  per- 
ceived down  the  middle  of  it. 

42.  Enchelis  Gemmata. 

Enchelis  cylindracea,  ferie  globulorum  duplici,  in  collum 
hyalinum  produ&a.  Enchelis  with  a cylindrical  body,  the 
upper  part  prolonged  into  a tranfparent  neck,  a double  feries  of 
globules  running  down  the  body.  It’s  motion  is  flow,  and  generally 
in  a firait  line;  it  is  found  in  ditch-water  where  the  lemna  thrives. 

43.  Enchelis  Retrograda. 

Enchelis  hyalina,  antice  anguffata,  apice  globulari.  Tranf- 
parent enchelis,  the  fore-part  rather  fmaller,  and  terminating  in 
a fmall  globule,  Fig.  11  and  12,  Plate  XXV. 

It  has  a gelatinous  tranfparent  body ; no  vifible  inteflines, 
though  a pellucid  globule  is  difcoverable  near  the  hinder  part; 
the  body  is  thickeft  in  the  middle,  and  grows  fmaller  towards 
each  end.  It  generally  moves  fide-ways,  fometimes  in  a retro- 
grade manner ; and  if  it  is  obflrucled  in  it’s  motion,  draws  itfelf 
up  as  it  is  reprefented  at  Fig.  11. 

44.  Enchelis  Feflinans. 

Enchelis  cylindrica  oblonga,  obtufa,  antice  hyalina.  Oblong 
cylindrical  enchelis  5 the  ends  obtufe,  the  fore-part  tranfparent. 

The 
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The  body  is  round,  of  an  equal  fize  throughout,  and  both 
endsobtufe;  more  than  half  the  length  is  without  any  vifible 
inteffines,  the  lower  end  full  of  veficular,  pellucid,  minute  glo- 
bules ; a large  globular  vehicle  is  alfo  to  be  found  in  the  fore-part; 
it  moves  quickly  from  one  fide  to  the  other,  in  a vacillatory 
manner.  It  was  found  in  fea-water. 

45.  Enchelis  Farcimen. 

Enchelis  cylindracea  curvata  utrinque  truncata.  A cylindric 
enchelis,  crooked  and  truncated  at  both  ends. 

The  body  of  this  is  cylindrical,  about  four  times  longer  than 
it  is  wide,  even,  truncated  at  both  ends,  the  inteffines  opake,  and 
not  to  be  diftinguifhed ; it  turns  the  extremities  oppofite  ways, 
fo  as  to  form  the  figure  of  an  S.  It  is  to  be  found  in  water  that 
has  flood  for  home  time,  though  but  feldom.  Joblot  found  it  in 
an  infufion  of  blue  bottles;  it  moves  in  an  undulatory  manner, 
but  very  flowly. 


46.  Enchelis  Index. 

Enchelis  inverfe  conica,  apicis  altero  angulo  produfto.  En- 
chelis in  the  form  of  an  inverted  cone,  one  edge  of  the  apex 
produced  out  fo  as  to  form  an  angle  with  the  other  part. 

The  body  rather  opake,  of  a grey  colour,  and  of  a long 
conical  figure ; the  lower  end  obtufe,  the  fore-part  thick,  one 
fide  of  this  part  projefting  like  a finger  from  the  edge;  two  very 
fmall  projedlions  proceed  alio  fometimes  from  the  lower  end, 
4 ’ This 
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This  animalculum  has  the  power  of  retra&ing  thefe  -projections, 
and  making  both  ends  appear  obtufe.  It  moves  about  but 
(lowly,  and  was  found  in  water  with  the  lemna  minor. 

47.  Enchelis  Truncus. 

Enchelis  cylindrica,  fubcapitata.  Tig.  10.  Plate  XXV.  Cylin- 
drical enchelis  with  a kind  of  head. 

This  is  the  iargeft  of  this  kind  of  animalcula;  the  body  is 
cylindrical,  mucole,  grey,  long  and  rather  opake,  the  fore-part 
globular,  the  hind-part  obtufe.  Something  like  three  teeth  (c) 
may  be  fometimes  feen  to  proceed  from  one  of  the  fides  ; it  can 
alter  it!s  lhape  confiderably.  Globules  of  different  fizes  may  be 
-Teen  within  the  body.  It  rolls  about  flowly  from  right  to  left. 

48.  Enchelis  Larva. 

Enchelis  elongata,  medio  papillula  utrinque  notata.  A long 
enchelis.  with  two  little  nipples  projefting  from  the  middle  of  the 
body,  one  on  each  fide. 

It  is  long,  round,  and  filled  with  grey  molecules ; the  fore-part 
is  obtufe  and  pellucid  ; a kind  of  neck,  or  fmall  contraction,  is 
formed  at  fome  little  difiance  from  this  end.  The  lower  part 
pointed,  about  the  middle  of  the  body  there  are  two  fmall 
projections. 


49.  En- 
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49.  Enchelis  Spatula. 

Enchelis  cylindrica  flriata,  apice  hyalino  fpatulata.  A cylin- 
drical firiated  enchclis,  the  fore-part  tranfparent,  and  of  the 
fhape  of  a fpatula. 

This  animalculum  is  perfeflly  cylindrical,  very  pellucid,  of  a 
cryftalline  appearance ; it  is  marked  with  very  fine  longitudinal 
furrows,  and  has  generally  two  tranfparent  globules,  one  placed 
below  the  middle,  the  other  near  the  extremity  of  the  body  • on 
the  other  fide  are  five  fmaller  ones,  which  are  oval.  The  top  is 
dilated,  with  the  corners  rounded  like  the  fpatula  of  the  apothe- 
caries. It  has  a wavering  kind  of  motion,  folding  the  fpatula 
variouflv,  yet  retaining  the  form  in  general.  Muller  mentions 
bis  feeing  it  once  draw  the  fpatula  into  the  body,  and  keep  it 
there  for  two  hours,  when  it  again  appeared. 

50.  Enchelis  Pupula. 

A cylindric  enchelis,  the  fore-part  papillary. 

The  fore-part  is  protuberantly  round,  and  rather  opake,  the 
hind-part  pellucid,  both  extremities  obtufe,  furnifhed  with  a 
papillary  finger-fhaped  head,  the  hinder-part  marked  with  a 
tranfparent  circle,  or  circular  aperture.  The  fore-part  filled  up 
with  moveable  molecules,  wdiich  are  more  fcarce  in  the  hinder- 
part.  It  has  a rotatory  motion  on  a longitudinal  axis,  and  moves 
through  the  water  in  an  oblique  dire£lion.  It  is  to  be  found  in 
dunghill  water  in  November  and  December. 

3 P 
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5 1 . Enchelis  Pupa. 

Enchelis  ventricofo-cylindrica,  apice  in  papillam  prddu&a* 
Enchelis  forming  a kind  of  ventricofe  cylinder,  with  a fmall  nip- 
pie  proceeding  from  the  apex. 

It  is  notunlike  the  preceding  animalculu’m,  but  is  much  larger; 
the  anterior  end  not  fo  obtufe,  the  nipple  gradually  formed  from 
the  fore-part,  all  but  this  end  is  opake,  and  filled  with  obfcure 
particles  : it  has  no  tranfparent  circle,  as  was  obferved  in  the  en- 
chelis pupula.  It  is  exceeding  flothfuk. 

V.  Vibrio. 

Vermis  inconfpicuus,  fimpliciflimus,  teres,  elongatus.  An 
invifib-le  worm,  very  fimple,  round,  and  rather  long. 

52.  Vibrio  Lineola. 

Vibrio  linearis  minutifhmus..  Very  fmall  linear  vibrio. 

This  is  one  of  the  mofl  minute  animalcula,  furpafling  in  flcm 
dernefs  the  monas  termo.  Ihe  greateft  magnifier  exhibits  little 
more  than  a tremulous  motion  of  myriads  of  little  oblong  obfcure 
points.  In  a few  days  it  almoft  fills  the  whole  fubkance  of  the 
water  in  vegetable  infufions,. 


53.  Vibrio 
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53.  Vibrio  Rugula, 

Vibrio  linearis  flexucfus.  Vibrio  like  a bent  line. 

Myriads  of  this  fpecies  may  be  found ; it  is  between  the  vibrio 
lineolaand  the  vibrio  undula. 

It  appears  as  a little  line,  which  is  fometimes  drawn  up  in  an 
undulated  Rape,  and  moves  backwards  and  forwards  in  a llrait 
line,  often  without  bending  the  body  at  all. 

54.  Vibrio  Bacillus. 

Vibrio  linearis,  mqualis  utrinque  truncata.  Linear  vibrio, 
equally  truncated  at  both  ends. 

This  is  an  exceeding  fmall  creature,  but  vifible  with  the  third 
lens  ; in  a certain  pofition  of  the  light  tranfparent.  It  is  gelati- 
nous, and  not  half  fo  large  as  the  monas  lens,  though  fix,  and 
fometimes  ten  times  longer ; it  is  every- where  of  an  equal  fize, 
and  has  no  vifible  inteflines  ; it's  adfion  is  languid,  the  ferpentine 
flexures  of  the  body  are  with  great  difficulty  percehed. 

Muller  made  two  infufions  of  hay  in  the  fame  water,  and  at  the 
fame  time  in  the  one  he  put  the  hay  whole,  in  the  other  it  teas 
cut  in  fmall  pieces  ; in  the  find  there  was  none  of  the  vibrio  bacil- 
lus, but  many  of  the  monas  lens  and  kolpoda  cucullus;  in  the 
latter,  many  of  vibrio  bacillus,  and  few  of  the  monax 
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55.  Vibrio  Undula. 

* 

Vibrio  filiformis  flexuofus.  A filiform  flexuous  vibrio. 

A perfeft  undulating  little  line,  round,  gelatinous,  without  any 
vifible  inteftines.  It  is  never  (trait ; when  at  reft  it  refembles  the 
letter  V,  when  in  motion  the  letter  M,  ora  bending  line  like  that 
which  geefe  form  in  their  flight  through  the  air ; it’s  motions  are 
fo  rapid,  that  the  eye  can  fcarce  follow  them.  It  generally  refts 
upon  the  top  of  the  water,  fometimes  it  fixes  itfelf  obliquely  by 
one  extremity,  and  whirls  itfelf  round. 

This  is  the  little  creature  that  Leeuwenhoeck  fays  exceeds  in 
flendernefs  the  tail  of  the  animalculum  feminale,  which  he  has 
defcribed  in  Fig.  5,  Epif.  Phyf.  41,  being  an  hundred  times  lefs 
than  a muftard-feed,  and  on  which  he  makes  the  following  very  juft 
obfervation  : That  as  thefe  very  frnall  animalcula  can  contract 
and  varioufly  fold  their  little  tails,  we  muft  conclude  that  tendons 
and  mufcles  are  as  neceffary  to  them  as  to  other  animals  ; if  to 
this  we  add  the  organs  of  fenfation,  and  thofe  of  the  inteftines,. 
the  mind  is  loft  in  the  aftonifhment  which  arifes  from  the  im- 
preflion  of  infinite,  in  the  indefinitely  frnall. 

56.  Vibrio  Serpens. 

Vibrio  filiformis,  ambagibus  in  angulum  obtufum  produ£lis.  A 
filiform  vibrio,  the  windings  or  flexures  obtufe. 


A flen- 
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A (lender  gelatinous  little  animal,  in  the  form  of  along  Terpen- 
tine line,  all  the  bendings  being  nearly  equal  in  fize,  and  at  equal 
difiances  ; it  generally  moves  in  a (irait  line  ; an  inteiline  may  be 
difcovered  down  the  middle.  It  is  to  be  found  in  river  water, 
but  is  not  commonly  to  be  met  with. 

57.  Vibrio  Spirillum. 

Vibrio  filiformis,  ambagibus  in  angulum  acutum  tornatis. 
Filiform  vibrio,  twilled  fomething  like  a fpiral  wire,  or  cork- 
fcrew  ; the  bending  acute. 

It  is  an  exceeding  minute  fingular  little  creature,  twilled  in  a 
fpiral  form  ; the  fhape  of  thefe  bendings  remains  the  fame  even 
when  the  animal  is  in  motion,  not  occafioned  by  any  internal 
force,  but  are  it’s  natural  fhape.  It  moves  generally  in  a flrait 
line,  vibrating  the  hind  and  fore-part.  It  was  found  in  1782,  in 
an  infufion  of  the  fonchi  arvenfis. 

58.  Vibrio  Vermiculus. 

Vibrio  tortuofus  gelatinus.  This  little  vibrio  is  twilled  and 
gelatinous. 

The  body  is  white,  or  rather  of  a milky  appearance,  cylindric, 
long,  the  apex  obtufe,  rather  growing  fmaller,  and  twilled 
towards  the  hind-part.  It’s  motion  is  languid  and  undulatory, 
like  that  of  the  common  worm  ; it  fometimes  moves  quicker,  but 
with  Teeming  labour.  When  it  bends  itfelf  alternately  from  one 
fide  to  the  other,  a black  long  line  may  be  difcovered,  fometimes 
4 whole, 
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whole,  fometimes  broken  : when  at  reft,  it  occasionally  twifts  into 
' various  folds. 


It  may  be  obferved  eaftlywith  the  firft  lens  ob  the  Tingle  micro 
fcope,  and  is  probably  the  fame  animalculum  mentioned  by 
Leeuwenhoeck  in  all  his  works,  as  found  in  the  dung  of  frogs, 
and  in  the  fpawn  of  the  male  libellula.  It  is  to  be  found  in 
marfhy  water  in  November,  though  but  fcldom. 

' 59*  Vibrio  Inteflinum. 

Vibrio  gelatinofus,  teres,  antice  anguftatus.  This  vibrio  is 
gelatinous,  round,  the  fore-part  fmalh 

It  is  cylindric,  milk-coloured,  and  (lender  towards  the  top, 
both  ends  obtufe  ; no  traces  of  inteflim  s to  be  difcovered,  though 
lour  or  five  Spherical  eggs  are  perceived  at  the  extremity  of  the 
hind-part.  It  can  draw  the  fore-part  fo  much  inwards  as  to  give 
it  a truncated  and  dilated  appearance,  fomething  like  a fpatula.. 
It’s  motion  is  flow  and  progrefhve.  They  are  found  in  marfhy 
waters. 


6 o.  Vibrio  Bipumftatus. 

Vibrio  linearis,  sequalis,  utraque  extremitate  truncata,  globulis 
binis  mediis.  Linear  vibrio,  of  an  equal  fize  throughout,  both 
ends  truncated,  and  two  fmall  globules  in  the  middle  of  the  body. 

It  is  of  a fmall  fize,  and  rather  lefs  than  the  following  animal- 
culuin,  the  body  of  a pellucid  talc-like  appearance,  the  fore  and 
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hind-part  truncated  ; in  tlie  middle  are  two  (fometimes  there  is 
only  one)  pellucid  globules,  placed  lengthways.  It  mod  com- 
monly moves  forwards  in  a {trait  line  ; it’s  movements  are  how. 
It  was  found  in  {linking  fait  water. 

61.  Vibrio  Tripundlatus. 

Vibrio  linearis,  utrinque  attenuatus,  globulis  tribus,  'extremis 
minoribus.  Linear  vibrio,  both  the  ends  fmaller  than  the  mid- 
dle, furnifhed  with  three  globular  points,  the  two  which  are  at 
the  extremities  being  fmaller  than  that  at  the  middle. 

The  body  is  pellucid,  talcy,  each  of  the  ends  rather  tapering, 
furnifhed  with  three  pellucid  globules,  the  middle  one  is  the 
largefl,  the  fpace  between  thefe  globules  is  generally  filled  with  a 
green  matter  ; in  fome  there  is  -nothing  of  the  green  fubftance 
near  the  extremities,  but  only  about  the  middle.  It  feldom 
moves  far,  and  then  it’s  motion  is  redlilinear,  backwards  and 
forwards. 


62.  Vibrio  Paxilifer. 

Vibrio  flavefcens  paleis  gregariis  multifariam  ordinatis,  Fig. 
13,  14,  15,  Plate  XXV.  Yellow,  gregarious,  flraw-like  vibrio. 

This  is  a wonderful  animalculum,  or  rather  a congeries  of  ani- 
malcula.  It  is  invifible  to  the  naked  eye,  and  confifis  of  a trans- 
parent membrane,  with  yellow  inteftines,  and  two  or  three  vifible 
points;  they  are  generally  found  collected  together  in  different 
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parcels,  from  feven  to  forty  in  number,  and  ranged  in  a variety 
of  forms,  fometimes  in  a flrait  line,  as  in  Fig.  14,  then  forming 
the  concave  Figure  13,  at  others  moving  in  a zig-zag  direftion, 
as  in  Fig.  15  ; when  at  reft,  they  are  generally  in  a quadrangular 
form,  and  found  in  great  plenty  with  the  ulva  latiftima. 

As  this  animalculum  feems  to  have  fome  affinity  with  the  hair- 
like anima  of  Mr.  Baker,  I think  the  reader  will  be  better  pleafed 
to  fee  his  defcription  of  it  introduced  in  this  place,  than  to  have  it 
raifed  into  a new  and  diftindi  fpecies. 

This  little  animal  is  extremely  (lender,  and  not  uncommonly 
one  hundred  and  fifty  times  longer  than  broad.  It’s  refemblance 
to  an  hair  induced  Mr.  Baker  to  call  it  the  hair-like  infedf.  The 
body,  or  middle  part,  which  is  nearly  ftrait,  appears  in  fome 
compofed  of  fuch  parallel  rings  as  the  windpipe  of  land  animals 
confifis  of,  but  feems  in  others  fcaled,  or  rather  made  up  of  rings 
that  obliquely  crofs  each  other.  It’s  two  ends  are  bent,  or 
hooked,  pretty  nearly  in  the  fame  degree,  but  in  a direction  con- 
trary each  to  the  other;  and  as  no  eyes  can  be  difcerned,  it  is 
difficult  to  judge  which  is  the  head  or  tail. 

It’s  progreffive  motion  differs  from  that  of  all  animals  hitherto 
defcribcd,  for  notwithflanding  the  body  is  compofed  of  many 
rings  and  joints,  it  feems  unable  to  bend  them,  or  move  diredily 
forwards  ; but  when  it  is  inclinable  to  change  it’s  quarters,  it  can 
move  from  right  to  left,  or  left  to  right,  and  proceed  at  the  fame 
time  backwards  or  forwards  obliquely ; and  this  it  performs  by 
turning  upon  one  end  as  a center,  and  defcnbing  with  the  other 
the  quarter  of  a circle,  then  it  does  the  fame  with  the  other  end, 

and 
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and  fo  alternately,  whereby  it’s  progreftion  is  in  a diagonal  line, 
or  from  corner  to  corner ; as  whoever  will  take  the  trouble  to 
■fhift  the  points  of  a pair  of  compares  in  that  manner,  may  imme- 
diately be  fatisfied. 

All  it’s  motions  are  extremely  flow,  and  require  much  patience 
and  attention  in  the  obferver.  It  has  neither  feet,  nor  fins,  nor 
hairs,  but  appears  perfedlly  fmooih  and  tranfparent,  with  the 
head  bending  one  way,  and  the  tail  another,  fo  as  to  be  like  a 
long  Italic  £ ; nor  is  any  internal  motion,  or  particularly  opake 
part,  to  be  perceived,  which  may  determine  one  to  fuppofe  it  the 
llcmach,  or  other  of  the  intellines. 

Thefe  creatures  are  fo  final],  that  millions  of  millions  might  be 
contained  in  an  inch  fquare.  When  viewed  fingly,  or  feparated 
from  one  another,  they  are  exceedingly  tranfparent,  and  of  a 
lovely  green;  but,  like  all  other  tranfparent  bodies,  when  num- 
bers of  them  are  brought  together  they  become  opake,  and  lofe 
their  green  colour  in  proportion  a$  the  quantity  increafes,  till  at 
laft  they  appear  entirely  black. 

Notwithflanding  the  extreme  minutenefs  of  thefe  animalcule, 
they  feem  to  be  fond  offociety;  for  on  viewing  for  fome  time 
a parcel  of  them  taken  up  at  random,  they  will  be  feen  to  difperfe 
themfelves  in  a kind  of  regular  order.  If  a multitude  of  them  are 
put  into  a jar  of  water,  they  will  form  themfelves  into  a regular 
body,  and  attend  (lowly  to  the  top,  where,  after  they  have  re- 
mained lorne  time  expofed  to  the  air,  their  green  colour  changes 
to  a beautiful  (ky  blue.  When  they  are  weary  of  this  fituation, 
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they  form  themfelves  into  a kind  of  rope,  which  flowly  defcends 
as  low  as  they  intend. 

A fm all  quantity  of  the  matter  containing  thefe  creatures  having 
been  put  into  a jar  of  water,  it  fo  happened,  that  one  part  went 
down  immediately  to  the  bottom,  whilft  the  other  continued  float- 
ing on  the  top.  After  fome  time,  each  of  thefe  fwarms  of  animal- 
cula  began  to  grow  weary  of  it’s  fituation,  and  had  a mind  to 
change  it’s  quarters.  Both  armies,,  therefore,  fet  out  at  the  fame 
time,  the  one  proceeding  upwards,  and  the  other  downwards ; fo 
that  after  fome  hours  journey  they  met  in  the  middle.  A defire 
of  knowing  how  they  would  behave  on  this  occafion  engaged  the 
obferver  to  watch  them  carefully,  and  to  his  furprize  he  law  the 
army  that  wTas  marching  upwards  open  to  the  right  and  left,  to> 
make  room  for  thofe  that  were  defcending.  Thus  without  con- 
fufion  or  intermixture,  each  held  on  its  way,  the  army  that  was 
going  up  marching  in  two  columns  to  the  top,  and  the  other  pro- 
ceedinginone  column  to  the  bottom,  as  if  each  had  been  under 
the  diredfion.of  wife  leaders. 

63.  Vibrio  Lunula. 

Vibrio  arcuatus,  utraque  extremitate  aequali.  Fig.  16*  Bow- 
fliaped  vibrio,  both  ends  of  an  equal  fize; 

The  body  refembles  much  the  drape  of  the  moon  at  the  firfl 
quarter;  it  is  of  a green  colour,  and  has  generally  from  feven  to 
ten  globules  d fpofed  lengthways;  the  fmaller  ones  are  of  a very 
pale  colour,  a pale  green  vacuity  may  fometimes  be  feen  in  the 
middle : fome  little  varieties  may  be  obferved  amongft  them, 

which 
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which  are  not  eafy  to  be  defcribed  ; it  will  be  enough  to  have 
given  the  reader  their  general  and  diftinguifhing  characteriftics. 

64.  Vibrio  Verminus. 

Vibrio  linearis  comprefl’us,  antice  quam  poTlice  anguftior. 
Linear  comprelTed  vibrio,  the  fore-part  narrower  than  the  hind- 
part. 

A round  tranfparent  animalculum,  or  rather  a long  cryftalline 
membrane,  the  hind-part  broader  than  the  fore-part,  the  apex 
fubtruncated,  the  bafe  obtufe,  no  perceptible  inteftines,  in  the 
middle  are  two  fpherical  veficules,  and  a third  towards  the  lower 
edge.  It  moves  quickly,  with  an  undulatory  motion,  backwards 
and  forwards;  they  feem  to  be  joined  in  a very  fingular  manner, 
and  are  found  in  great  plenty  in  fait  water  that  had  been  kept 
fome  davs,  and  was  foetid. 

j 7 

65.  Vibrio  Mallscus. 

Vibrio  linearis  bafi  globuli,  apice  linea  tranfverfa,  A linear 
vibrio,  with  a globule  at  the  bafe,  and  tranfverfe  line  at  the  apex. 

This  is  a white  pellucid  animalculum,  refembling  the  letter  T, 
with  a globule  affixed  to  the  bafe. 

It  is  in  motion  and  at  reft  every  moment  alternately  ; when  in 
motion  it  refembles  the  letter  V,  when  at  reft  the  letter  T-.  They 
are  found  plentifully  in  fpring  water. 

q O 2 
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65.  Vibrio  Acus. 

Vibrio  linearis,  colli,  apice  obtufo,  cauda  fetacea.  Linear  vibrio, 
with  a neck,  the  upper  extremity  obtufe,  the  lower  one  terminat- 
ing in  a fetaceous  tail. 

o 

This  vibrio  is  of  the  fhape  of  a fewing  needle ; the  neck  round, 
partly  tranfparent,  and  marked  in  the  middle  with  a red  point  ;* 
the  trunk  cylindrical,  the  edges  obfcure,  the  middle  blight,  and 
nearly  of  a triangular  appearance,  the  tail  is  fine  like  a briflle.  A 
motion  may  be  obferved  in  the  infide  of  this  little  creature.  It 
does  not  bend  the  body  when  in  motion. 


67,  Vibrio  Sagitta. 

Vibrio  fublinearis,  colli,  apice  truncato  atro,  cauda  fetacea; 
Somewhat  linear  in  it’s  appearance,  a well-marked  neck,  the  apex, 
truncated  and  open,  the  tail  fetaceous. 

The  body  is  very  long  and  flexible,  broadefl;  towards  the  mid- 
dle, which  is  alfo  filled  with  grey  molecules  ; the  fore-part  is 
drawn  out  into  a ftrait  tranfparent  neck,  the  upper  end  of  it 
thick  and  black.  The  motion  of  this  animalculum  feems  to  be 
produced  by  the  contra&ion  and  extenfion  of  the  neck.  It  is 
found  in  fait  water. 


68.  Vibrio 
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68.  Vibrio  Gordius. 

Vibrio  aequalis,  caudae  apice  tuberculato.  Vibrio  of  an  equal 
fize  throughout,  the  tail  terminated  by  a little  tubercle. 

A round  animalculum ; the  fore-part  for  about  one-fixth 
of  the  whole  length  is  tranfparent,  and  furnifhed  with  a fky- 
coloured  alimentary  tube  ; the  lower  part  is  bright  and  pointed, 
the  middle  full  of  fmall  globules  ; a fmall  knob  terminates  the 
tail.  Found  in  an  infufion  made  with  fait  water. 


69.  Vibrio  Serpentulus. 

Vibrio  aequalis  utrinque  fubacuminatus.  This  vibrio  is  of  an 
equal  fize,  rather  pointed  at  both  ends. 

It  is  very  fimilar  to  the  vibrio  anguillula,  differing  principally 
in  the  fhape  of  the  ends,  which  in  this  are  pointed.  It  does  not 
adhere  to  objedls  by  the  pointed  tail ; it  is  furnilhed  with  a long 
row  of  the  moll  minute  points. 

It’s  motion  is  ferpentine,  fometimes  to  be  met  with  perfeflJy 
llrait  and  Gill,  and  is  found  in  infufions  of  vegetables  after  fome 
weeks  Handing ; it  is  of  a whitifh  colour,  the  whole  body  is  fre- 
quently convoluted,  and  drawn  into  different  figures. 


70.  Vibrio 
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70.  Vibrio  Coluber. 

Vibrio  filiformis,  feta  caudali  geneculata.  Filiform  vibrio,  the 
tail  fetaceous,  and  bending  up  nearly  to  form  a right  angle  with 
the  body. 

In  this  vibrio  the  mouth,  the  oefophagus,  the  molecules  in  the 
intellines,  and  the  twilling  thereof,  are  very  confpicuous.  The 
tail  is  exceeding  fmall,  and  bent  fo  as  to  form  a confiderable  an- 
gle with  the  body.  It  is  found  in  river  water. 


71.  Vibrio  Anguillula. 

Vibrio  aequalis  fubrigidus.  Vibrio  of  an  equal  lize  through- 
out, and  fomewhat  hard. 

This  animalculum  may  be  divided  into  four  varieties,  if  not 
diflindt  fpecies,  namely,  the  anguillula  aceti,  glutinis  farinofi, 
aquae  dulcis,  et  aquae  marini. 


Anguillula  Aceti.  Vinegar  Eel. 

Chaos  redivivum,  Lin.  Syft.  Nat.  1326. 
Leeuwenhoeck  Op.  Omn.  p.  3,  n.  1,  f,  I,  o, 
Joblot  Obf.  Micr.  1,  p.  2,  pi.  2. 

Hook’s  Micr.  p.  25,  fig.  2. 

Borelli  Obf.  Micr.  1,  p.  7. 


Power’s 
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Power’s  Micr.  Obf.  p.  38. 

Bak  r’s  Empl.  for  Micr.  p.  10,  fig.  8 and  9. 

* Micr.  Expl.  p.  81,  pk  5,  fig.  10. 

Adams  Micr.  Lluf.  pi.  32,  fig.  197,  A,  B,  C,  D. 

Rozier  Journal  Phyfique,  Mars  1775,  Janv*  & Mars  177S. 
Spallanzani  Opus,  Phy.  part  1,  p.  83.. 

Anguillula  Glutinis.  PafteEel., 

Chaos  redivivum,  Lin.  Syft.  Nat,.  1326. 

Ledermuller  Micr. 

Baker  Micr.  Exp.  p.  82. 

Roz.  Journal  Phyfique,  Mars  1775,  Mars  1776. 

Adams  Micr.  lllufi. 

The  body  is  filiform,  or  like  a thread,  round,  pellucid,  replete 
with  little  grains  in  the  middle,  both  extremities  very  pellucid  and 
empty,  the  fore-part  a little  truncated,  the  hind-pait  terminating 
in  a very  fhort  briftly  point.  It  is  the  fame  in  every  age  and  fize. 

Anguillula  Fluviatalis. 

Corculum  vermiculo  fimile  Lin.  amaen  (mund.  invis;, 
Needham  Micr.  p.  90,  pi.  5,  fig.  7. 

Baker  Micr.  Expl.  p.  80,  pi.  5,  fig.  9. 

Anguille  vulgaire,  Rozier  Journal  Phyfique,  1775= 

Mars,  Nov.  1776. 

Ibid,  anguille  du  bled  Rachitique. 

Ibid,  anguille  du  faux  ergot. 

Spallanz.  Opufc.  Phyf.  part  2,  page  354,  pi.  5,  fig.  10. 
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The  body  of  this  is  exceedingly  transparent ; no  vifible  entrails, 
though  a few  tranfverfe  lines  may  be  difcovered  on  the  body.  It 
is  fometimes,  though  rarely,  furnifhed  with  a long  row  of  little 
globules,  and  often  with  two  fmall  oval  ones  ; the  tail  terminates 
in  a point. 

Muller  fays  he  found  thefe  eels  in  the  fediment  which  is  formed 
by  vegetables  on  the  fides  of  vefiels  in  which  water  has  been  kept 
for  iome  time. 

The  eels  of  pafie  have  been  more  diflinguifhed  than  moll  other 
animalcula,  as  well  on  account  of  the  various  fpeculations  and 
theories  to  which  it  has  given  rife,  as  their  many  curious  proper- 
ties. Four  different  fpecies  of  eels  may  be  found  in  pafie  ; of  the 
firfl,  which  has  been  defcnbed  very  briefly  in  page  51 1,  we  fhall 
now  give  a more  particular  defcription.  To  be  certain  of  pro- 
curing thefe  eels,  boil  fome  flower  in  water,  to  which  you  have 
added  a few  drops  of  vinegar,  provide  an  earthen  pot  which  has 
a hole  at  the  bottom,  fill  it  with  earth,  and  then  put  the  pafie  in 
a piece  of  coarfe  cloth,  and  bury  it  in  this  earth  ; the  pot  is  to  be 
ex  poked  to  the  fun  in  the  fummer,  or  kept  in  a warm  place  in  the 
winter  ; by  this  means  you  will  very  feldom  fail  of  finding  in  ten 
or  twelve  days  a large  quantity  of  eels  in  the  pafie. 

This  eel,  when  at  it’s  full  growth,  is  about  one-tenth  of  an  inch 
long,  and  rather  lefs  than  one-hundredth  of  an  inch  in  diameter: 
Fig.  6,  Plate  XI.  reprefents  one  of  thefe  eels  magnified  about 
one  hundred  and  twenty  times,  only  compreffed  fo  much  between 
two  plates,  by  means  of  an  adjufling  fcrew,  as  not  only  to  pre- 
vent it  from  moving,  but  to  lengthen  and  flatten  it  in  a fmall 
4 degree. 
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degree.  At  the  upper  part  there  are  two  little  moveable  pieces, 
or  nipples,  a a,  'between  whicn  an  empty  fpace  b is  formed,  that 
terminates  in  the  mouth  ; the  hinder-part  is  round,  but  there 
projebls  from  it  a fhort  fetaceous  tail  w ; in  the  young  eels  the 
termination  of  the  tail  is  not  fo  abrupt  as  in  the  prefent  fpecimen, 
but  it  finifhes  by  a gradual  diminution.  There  is  probably  a vent 
near  z,  for  the  paffage  of  the  excrements  ; becaufe  when  that 
part  has  been  gently  prefled,  two  or  three  jets,  of  a very  fub tie 
fubflance,  have  been  obferved  to  iffue  from  it.  If  the  preffure  is* 
increafed,  a fmall  bladder  will  be  forced  out,  a further  compreffion 
burfts  the  bladder,  and  the  bowTels  are  forced  through  the 
opening. 

A greater  degree  of  magnifying  power  is  neceffary  to  obtain  an 
exa£t  idea  of  the  vifcera  of  thefe  eels.  Fig.  10  reprefents  the 
alimentary  du£t  (further  magnified)  from  it’s  origin  to  the  belly. 
It  is  fhewn  here  as  feparated  from  the  animal,  which  is  eafily 
effe&ed;  for  nature,  affifled  by  very  little  art,  performs  the 
operation.  The  oefophagus,  b c,  Fig.  6 and  10,  at  it’s  origin 
a a,  is  very  fmall,  but  foon  grows  larger,  as  at  c,  and  forms  a 
kind  of  oblong  bag,  c d ; the  diameter  of  this  increafes  till  it 
comes  to  d,  where  it  fwelis  out  as  at  de  f ; it  then  grows  fmaller 
till  it  comes  to  g,  when  it  again  fwelis  out  as  g k 1.  There  is  a 
narrow  neck  at  i,  which  in  it’s  natural  date  is  feen  in  the  bag  k I. 
The  part  k 1 is  the  flomach.  M.  Becli  has  fhewn,  that  the  ali- 
mentary du6t  of  many  fpecies  of  worms  is  formed  of  two  bag?, 
one  of  which  is  inclofed  within  the  other.  It  is  the  fame  with 
this  animalculum  ; the  little  veffel  b c,  that  we  have  called  the 
oefophagus,  which  is  the  origin  of  the  bag  c d,  enters  into  the 
fame  bag,  and  prcferves  it’s  form  within  it,  till  it  comes  to  m, 
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from  whence  it  is  prolonged  in  the  form  of  a black  line  m n n, 
which  pafles  by  the  axis  of  the  duft  e e h,  and  apparently  ter- 
minates itfel  fat  the  beginning  of  the  abdomen  k.  To  this  tube* 
near  the' center  of  the  fwelling  g h i,  are  fixed  two  fmall  tranf- 
parent  bodies ; that  end  of  thefe  which  is  connefted'with  the  tube 
is  round,  the  other  end  is  pointed  ; thefe  fmall  pieces  cannot  be 
difcerned  in  every  pofition  of  the  eel. 


• We  muff  now  fhew  hew  this  duft  is  to  be  forced  out  of  the 
eel.  The  body,  when  compreffed,  generally  burfis  either  at  the 
head  or  tail,  and  always  at  that  part  which  is  leaft  prefled ; hence 
when  the  mafs  of  fluids  contained  in  the  body  is  forced  towards 
the  anterior  part,  they  meet  with  a refifiance  in  pafling  from  the 
abdomen  to  the  duft  already  deferibed ; the  abdomen  being 
forced  by  the  fluids  which  are  made  to  aft  againfl  it,  burfts  at  the 
upper  part,  and  the  fluids  ftriking  againfl:  the  neck  g hi,  force  it,, 
with  all  it’s  contents,  out  of  the  body,  through  an  opening  at 
the  anterior  part ; on  Ieffening  the  preflu  re,  the  bowel,  thus  dif- 
charged,  will  float  in  the  water  between  the  two  plates  or  glafs. 

Not  to  enter  into  a detail  of  thofe  parts  which  have  been  fup- 
pofed  by  fome  writers  to  conflitute  the  heart,  Sc c.  of  thefe 
minute  animalcula,  it  will  be  fufficient  here  to  deferibe  thofe  in 
which  motion  may  be  difeovered,  and  to  leave  the  reft  to  future 
obfervations  on  the  fubjeft.  The  parts  which  may  be  feen  in 
motion  within  thefe  minute  creatures  are,  l.  the  fmall  tube,  or 
duft,  from  it’s  origin  at  m,  to  the  two  appendages  2.  thefe 
appendages  themfelves ; 3.  the  remainder  of  the  tube,  from  the 
appendages  to  the  infertion  at  the  ventricule  k ; 4.  in  the  fwell- 
ing g k 1.  The  reft  of  this  duft,  from  the.  beginning  by  the 
4 oefopha- 


oefophagus  b c,  to  the  fecond  (welling,  has  no  motion.  There  is 
a variety  in  the  motions  of  the  firft  part  of  this  du6l,  fometimes 
it  dilates  and  contra6ls,  at  other  times  it  has  an  ofcillatory  motion. 
It  is  difficult  to  gain  a good  view  of  the  appendages,  but  when 
the  pofition  of  the  little  creature  is  favorable,  they  feem  to  have 
a two-fold  motion,  by  which  the  pointed  ends  approach  to,  and 
then  feparate  from  each  other,  and  another  by  which  they  move 
up  and  down.  The  part  g k 1 moves  backwards  and  forwards 
alternately,  the  motion  of  each  of  thefe  parts  is  independent  of 
the  reft.  Thefe  are  the  principal  parts,  whofe  motion  is  connedf- 
ed  with  the  life  of  the  animal. 

The  other  vifcera  that  are  contained  in  the  body  of  the  eel, 
and  which  may  be  obferved  by  the  aid  of  the  microfcope,  are  the 
veifels  which  contain  the  food,  thofe  which  are  filled  with  a tranf- 
parent  fubftance,  and  the  womb,  or  ovary.  The  firft  form  the 
abdomen  and  inteftines ; thefe  are  filled  with  a black  fubftance, 
which  prevents  their  being  properly  and  clearly  diftinguifhed  ; 
thefe  veffels,  in  their  paffage  through  the  pofterior  part  of  the 
body,  form  an  empty  fpace,  in  which  we  may  perceive  that  one 
fide  of  the  animalculum  is  occupied  by  the  ovary  q q q,  which 
runs  from  j to  u x ; it  is  at  thefe  two  extremities  of  the  ovaries 
that  the  eggs  begin  to  be  formed,  for  the  largeft  eggs  are  always 
to  be  found  in  the  middle,  and  the  fmalleft  at  the  ends,  as  may 
be  feen  at  j f and  u x. 

All  the  eels  which  bear  eggs  have  two  protuberances,  y y, 
formed  on  the  exterior  part,  near  the  center  of  the  ovary  ; it  ap- 
pears like  a tranfparent  femicircular  membrane,  but  is  really  a 
kind  of  hernia,  or  bag,  in  which  one  or  two  eggs  may  be  fome- 
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times  feen ; all  the  larger  eels  have  this  appendage,  which  alfo 
bears  the  marks  of  having  been  burlh  Now  as  the  younger  eels 
have  not  this  appendage,  nor  any  mark:>  ot  a rupture,  we  may 
reafonably  conclude  that  it  is  from  hence  that  the  little  eels  iffue 
from  the  parent. 

In  the  latter  part  of  the  year,  and  during  the  winter,  thefe  eels 
are  oviparous,  and  the  young  eels  may  be  feen  to  proceed  from 
the  egg ; at  other  times  they  are  viviparous,  fix  live  eels  have 
been  feen  at  one  time  in  the  belly  of  the  parent,  twenty-two  eggs 
have  been  counted  in  the  ovary.  M.  Muller  fufpefted  that  there 
was  a difference  of  fex  in  fome  of  thefe  animalcule,  but  it  was 
left  to  M.  Roffredi  to  afford  the  proof,  and  it  was  only  from 
a variety  of  repeated  obfervations  that  he  could  allow  himfelf 
to  be  convinced  of  this  truth.  He  continued  his  refearches  upon 
the  fame  fubjefi  on  other  microfcopic  eels,  and  has  fince  been 
able  to  diflinguifh  the  fexual  parts  of  the  vinegar  eels. 

The  next  'eel  we  (hall  deferibe  is  the  eel  of  vinegar,  Fig.  7, 
and  that  becaufe  it  is  oviparous  and  viviparous ; like  the  pre- 
ceding it  is  filiform,  but  in  other  refpedts  they  differ  confiaerably. 
It  is  longer,  not  near  fo  large,  the  tail  is  fmaller,  and  more 
tapering  than  that  of  the  pafte  eel ; it  moves  with  much  greater 
eafe,  and  is  more  lively.  We  may  obferve  in  {mail,  at  the  tail  of 
this  eel,  what  may  be  feen  at  large  at  the  beginning  of  the  viper’s 
tail,  a little  kind  of  tongue  ab,  which  fometimes  adheres  to  the 
{kin,  at  other  times  is  feparated  from  it.  An  alimentary  duflmay 
be  eafily  difeovered,  but  no  other  inteftines  can  be  difeerned, 
without  deranging  altogether  the  organization  of  the  animalculum. 
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The  fecond  fpecies  of  pafte  eel  is  oviparous.  It  is  eafily 
diflinguifhed  from  the  firft  kind,  by  being  muchfmaller;  it  is 
reprefented  at  Fig.  8.  Tne  conformation  of  the  alimentary  duel 
and  the  intedines  are  in  general  nearly  the  fame,  though  an  intel- 
ligent obferver  will  find  out  fome  fpecific  differences.  By 
the  flexion  of  the  inteff  ines  c c c,  a void  fpace  is  left  a little  be- 
yond the  middle  of  the  body,  where  the  eggs  are  coffered. 
There  is  no  exterior  protuberance  near  the  ovary,  as  in  the  pre- 
ceding one,  but  a finall  hole,  1,  may  be  difcovered,  near  which  are 
placed  two  little  tubercles  f f,  though  they  are  very  feldom  to  be 
obferved  without  compreffing  the  animalcula. 

We  meet  with  another  eel  in  pafle,  which  may  with  reafon  be 
called  the  common  eel.  It  is  often  to  be  found  in  grains  placed 
in  the  ea-th,  in  which  the  germ  is  deftroyed,  in  the  roots  and 
Items  of  farinaceous  plants,  in  the  tremella  of  Adanfon,  and  in 
feveral  fpecies  of  conferva,  as  well  as  in  feveral  infufions.  This 
eel,  when  at  it’s  full  growth,  is  rather  longer  than  the  common 
eel  of  blighted  wheat ; one  of  them  is  reprefented  at  Fig.  11. 
They  are  eafily  diftinguifiied  from  the  eels  of  blighted  wheat,  be- 
caufe  they  have  no  ranges  of  globules  like  it,  by  the  two  little 
protuberances  which  are  near  the  middle  of  the  body,  and  by  the 
regular  diminution  of  the  tail.  It  is  oviparous. 

A very  fmall  fpecies,  reprefented  at  Fig.  g,  may  alfo  be  found 
in  pafte ; they^may  be  diftinguifiied  from  the  young  eels  of  the 
larger  fort  by  their  vivacity  and  flendernefs. 
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Of  the  Eels  in  blighted  Wheat.* 

Thefe  animalcula  were  difcovered  by  Mr.  Needham,  and 
defcnbed  by  him  in  a work  entitled  New  Microfcopical  Dif- 
coveries.  They  are  not  lodged  in  thofe  blighted  grains  which 
are  covered  externally  with  a foot-like  dull,  (whofe  infide  is  often 
alfo  little  more  than  a black  powTder)  but  abundance  of  ears  may 
be  obferved  in  fome  fields  of  corn,  wThich  have  grains  that  appear 
blackifh,  as  if  fcorched ; thefe,  when  opened,  are  found  to  con- 
tain a foft  white  fubftance,  that,  when  attentively  examined,  looks 
like  a congeries  of  threads,  or  fibres,  lying  as  clofe  as  pofhble  to 
each  other  in  a parallel  direffion,  and  much  refembling  the  un- 
ripe down  of  fome  thirties.  This  fibrous  matter  does  not  difcover 
any  figns  of  life  or  motion,  unlefs  water  be  applied  to  it;  the 
fibres  then  feparate,  and  prove  themfelves  to  be  living  creatures. 

Thefe  eels  are  in  general  of  a large  fize,  and  may  be  feen  with 
a common  magnifying  glafs,  being  about  one-thirtieth  of  an  inch 
in  length,  and  one  hundred  and  fortieth  broad  Fig.  5 reprefents 
one  of  them  magnified  about  one  hundred  and  twenty  times ; 
they  are  in  general  of  a bright  chefnut  colour,  the  extremity  a b 
is  whiter  and  more  tranfparent  than  the  reft  of  the  body.  The 
end  a is  rather  round,  the  end  b is  pointed.  A diftinguifhing 
mark  of  thefe  little  creatures  is  a row  of  tranfparent  globules, 
which  are  placed  at  intervals  through  the  whole  length  of  the 
body,  beginning  at  b,  where  the  tranfparency  of  the  fore-part 
ceafes,  and  going  on  to  the  extremity  c.  They  are  in  diameter 
rather  lefs  than  one-third  of  the  body.  Another  peculiar  mark 
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is  a fmall  lunular  tranfparent  fpace  c near  the  middle  of  the 
body.  This  part  is  tranfparent,  and  is  free  from  the  coloured 
matter  of  the  inteftines  ; there  is  a neck  in  the  inteftines  near 
this  fpace,  which  confines  them  to  one  part  of  the  body. 

Great  care  fhould  be  taken  by  the  obferver  not  to  burft  the 
fkin  of  the  eels  in  difengaging  them  from  the  grain,  for  they 
never  break  or  burfl  of  themfelves  ; but  if  broke,  vifible  inteflines, 
filled  with  a black  matter,  rufh  out  of  the  body,  from  which 
little  black  globules  are  difer  gaged,  which  fwirri  flowly  about  the 
water,  but  without  any  principle  cf  internal  motion ; when  the 
obfervation  is  made,  immediately  after  the  grains  proceed  from 
the  eel ; but  if  the  eels  that  are  broke  are  left  long  in  the  water, 
the  fame  phenomena  will  take  place,  as  in  other  animal  and 
vegetable  infufions.  It  is  owing  to  not  properly  attending  to 
thefe  circumftances,  that  we  may  attribute  many  of  the  fanciful 
pofitions  of  M.  Needham,  which  were  deduced  from  ill-condu6led 
experiments,  and  which,  when  properly  examined,  are  found  to 
be  in  a great  meafure  falfe. 

M.  Roffredi  fowed  fome  of  the  grains  of  this  wheat,  which 
fprang  up  ; but  the  ear  was  either  wholly  or  in  a great  part 
fpoiled,  being  filled  with  thefe  eels.  He  alfo  found  them  in  other 
parts  of  the  plant ; to  difengage  them  from  the  plant,  it  muft  be 
{baked  in  water,  and  then  compreffed  a little.  At  firfl  fight  thefe 
eels  feein  to  refemble  the  foregoing,  but  a more  accurate  inflec- 
tion {hews  that  they  have  not  the  fame  curious  difpofition  of  the 
internal  globules,  nor  the  fame  tranfparent  place  in  the  middle 
of  the  body.  The  inteflinal  bag  leaves  indeed  in  thefe  an  empty 
fpace,  but  it  is  of  an  indetermined  form.  The  animalcula  from 
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tlie  plant  are  much  more  lively  than  thofe  which  are  procured 
from  the  dried  grains. 

The  principal  phenomena  of  this  kind  of  blighted  wheat  is 
probably  owing  to  thefe  animalcula,  who  prevent  the  regular  cir- 
culation of  the  lap.  They  increafe  in  their  fize  in  a certain  pro- 
portion to  the  plant,  fo  that  at  laft  they  may  be  obferved  with 
great  eafe  by  the  naked  eye,  being  two-tenths  of  an  inch  long, 
and  nearly  one-tenth  in  diameter.  Fig.  4 reprefents  one  of  thefe 
magnified  nearly  in  the  fame  proportion  as  Fig.  5 ; a a the  ovary, 
which  may  be  traced  almoft  from  the  lower  extremity  to  the  mid- 
dle of  the  body,  where  the  body  becomes  fo  opake  as  to  prevent 
it’s  being  feen  any  further.  The  eggs,  when  arrived  at  their  full 
growth,  are  nearly  of  a cylindric  fhape,  both  ends  rounded ; 
towards  the  extremity  b there  are  two  little  protuberances  d d, 
through  which  the  eggs  are  molt  probably  extruded ; thefe  pro- 
tuberances are  not  always  vifib  e.  The  eggs  are  formed  of  a 
fine  tranfparent  membrane  ; it  covers  the  young  eel,  which  is 
folded  curioufly  therein ; thefe  eggs  may  often  be  found  in  the 
plant. 

A moft  fatisfaftory  view  of  thefe  eels  is  obtained  by  examin- 
ing them  with  the  folar  microfcope  ; it  affords  one  of  the  moft 
furprizing  and  magnificent  fpetiacles ; two  generations  may  be 
often  feen,  one  which  draws  near  the  allotted  period  of  it’s  exift- 
ence,  and  another  which  only  begins  to  enjoy  the  bleffings  of 
life.  Some  arrived  at  their  full  growth,  others  quite  fmall,  &c. 
In  fome  we  may  perceive  the  young  animalcula  in  motion  jn  the 
•eggs,  in  others  no  fuch  motion  can  be  obferved  ; with  a variety 
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of  other  circumftances  too  tedious  to  enumerate,  though  they 
afford  great  pleafure  to  the  fpe&ator. 

One  of  the  moft  remarkable  circumftances  in  thefe  animalcula 
is  the  faculty  they  have  of  receiving  again  the  powers  of  life, 
after  having  loft  them  for  a confiderable  time ; for  inftance,  when 
fomeof  thefe  blighted  grains,  that  have  been  preferved  for  many 
years,  have  been  foaked  in  water  for  ten  or  twelve  hours,  you 
will  find  in  it  living  eels  of  this  fpecies  ; if  the  -water  evaporates, 
or  begins  to  fail,  they  ceafe  to  move,  but  on  a frefh  application 
will  be  acrain  revived. 

D 

It  may  be  proper  to  notice  here,  that  according  to  the  obfer- 
vations  of  M.  Roffredi,  thofe  eels  which  have  done  laying  of 
eggs  are  incapable  of  being  refufcitated  upon  being  moiftened ; 
the  fame  feems  to  be  alfo  the  cafe  with  thofe  that  are  very  young ; 
it  is  probable  they  muft  attain  a certain  age  and  degree  of  ftrength 
before  they  are  endowed  with  this  wonderful  faculty. 

In  the  month  of  Auguft,  1743,  a fmall  parcel  of  blighted 
wheat  was  fent  by  Mr.  Needham  to  Martin  Folkes,  Efq.  Prefident 
of  the  Royal  Society,  (with  an  account  of  his  then  new  dis- 
covery^ which  parcel  the  prefident  was  pleafed  to  give  to  Mr. 
Baker,  defiring  him  to  examine  it  carefully ; in  order  fo  to  do, 
he  cut  open  fome  of  the  grains  that  were  become  dry,  took  out 
the  fibrous  matter,  and  applied  water  to  it  on  a flip  of  glafs,  but 
could  difcern  no  other  motion  than  a reparation  of  the  fibres  or 
threads,  which  feparation  he  imputed  wholly  to  an  elafticity  in 
the  fibres ; and  perceiving  no  token  of  life,  after-  watching  them 
with  due  care,  and  repeating  the  experiment  till  he  was  weary, 
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an  account  thereof  was  written  to  Mr.  Needham,  who  having, 
by  trials  of  his  own,  found  out  the  caufe  of  this  bad  fuccefs,  ad- 
vifed  him  to  fteep  the  grains  before  he  attempted  to  open  them  ; 
on  doing  which,  he  was  very  foon  convinced  of  his  veracity, 
and  entertained  with  the  pleafmg  fight  of  this  wonderful  phe- 
nomenon. At  different  times  alter  this,  Mr.  Baker  made  ex- 
periments with  grains  of  the  fame  parcel,  without  being  once 
difappointed.  He  foaked  a couple  of  grains  in  water  for  the 
fpace  of  thirty-fix  hours,  when  believing  them  fufficiently 
moiflened,  he  cut  one  open,  and  applying  fome  of  the  fibrous 
fubfianceto  the  microfcope  in  a drop  of  water,  it  feparated  im- 
mediately, and  prefented  multitudes  of  the  anguillre,  without  the 
leaft  motion  or  fign  of  life;  but  being  taught  by  experience  that 
they  might  notwithstanding  poflibly  revive,  he  left  them  for  about 
four  hours,  and  then  examining  them  again,  found  much  the 
greatelt  number  moving  their  extremities  pretty  brilkly,  and  in 
an  hour  or  two  after  they  appeared  as  lively  as  thefe  creatures 
ufually  are.  Mr.  Folkes,  and  fome  other  friends,  were  witnelfes 
of  this  experiment.  We  find  an  inftance  here  that  life  may  be 
fufpended,  and  feemingly  deftroyed ; that  by  an  exhalation  of 
the  fluids  neceflary  to  a living  animal,  the  circulations  may 
ceafe,  all  the  organs  and  veflels  of  the  body  may  be  flirunk  up, 
dried,  and  hardened  ; and  yet,  after  a long  while,  life  may  begin 
anew  to  aftuate  the  fame  body,  and  all  the  animal  motions  and 
faculties  may  be  reflored,  merely  by  replenilhing  the  organs  and 
veflels  with  a frefli  fupply  of  fluid.  Here  is  a proof  that  the  ani- 
malcula  in  the  grains  of  blighted  wheat  can  endure  having  their 
bodies  quite  dried  up  for  the  fpace  of  four  years  together.,  without 
being  thereby  deprived  of  their  living  power. 
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It  appears  plainly  from  the  foregoing  experiments,  that  when 
the  blighted  grains  of  wheat  have  been  kept  a long  time,  and  the 
bodies  of  thefe  animalcula  are  confequently  become  extremely 
dry,  the  rigidity  of  their  minute  veffels  requires  to  be  relaxed  very 
gently,  and  by  exceeding  flow  degrees ; for  we  find,  that  on  the 
application  of  water  immediately  to  the  bodies  of  thefe  animal- 
cula, when  taken  from  the  dry  grains,  they  do  not  fo  certainly 
revive  as  they  do  if  the  grains  themfelves  be  either  buried  in 
earth,  or  fteeped  in  water  for  fome  time  before  they  are  taken 
out : the  reafon  of  which  moil  probably  is,  that  too  fudden  a re- 
laxation burfts  their  delicate  and  tender  organs,  and  thereby 
renders  them  incapable  of  being  any  more  employed  to  perform 
the  aftions  of  life;  and  indeed,  there  are  always  fome  dead 
ones  amongft  the  living,  whole  bodies  appear  burften,  or 
lacerated,  as  well  as  others  that  lie  extended  and  never  come  to 
life. 

Some  difcretion  is  needful  to  adapt  the  time  of  continuing  the 
grains  in  water  or  earth,  to  the  age  and  drynefs  of  them ; for  if 
they  are  not  opened  before  they  have  been  too  much  or  too  long 
foftened,  the  animalculum  will  not  only  feem  dead,  but  will  really 
be  fo.  Of  the  two  grains  he  mentions  to  have  been  four  years 
old  when  put  to  foak,  he  opened  one  after  it  had  lain  thirty-fix 
hours,  and  the  event  was  as  already  related  : the  other  was  let  lie 
for  above  a week,  and  on  opening  found  all  the  anguillae  near  the 
hulk  dead,  and  feemingly  in  a decayed  condition ; but  great 
numbers  ilfued  alive  from  the  middle,  and  moved  themfelves  . 
brilkly.  Unlefs  the  hulks  are  opened  to  let  thefe  creatures  out 
after  they  have  been  fteeped,  they  all  inevitably  perilh  ; and  when 
taken  out  and  preferved  in  water,  if  the  hulks  are  left  with  them 
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they  will  die  in  a few  days;  but  otherwife,  they  will  continue 
alive  in  water  for  feveral  months  together,  and,  fliould  the  water 
dry  away,  may  be  revived  again  by  giving  them  a frefhfupply. 


As  the  eels  in  pahe  are  an  objeft.  which  are  fo  often  exhibited 
in  the  microfcope,  it  will  be  proper,  before  we  leave  this  fubje&, 
to  inform  the  reader  how  he  may  procure  the  young  eels  from 
the  parent  animalcula,  a difcovery  which  was  originally  made  by. 
Mr.  Sherwood,  but  more  particularly  purfued  and  defcribed  by 
Mr.  Baker.  Take  up  a very  fmall  quantity  of  pahe  where  thefe 
eels  abound  on  tire  point  of  a pin,  or  with  a fharpened  quill ; lay 
it  on  a llip  of  glafs,  and. diluting  it  well  with  water,  many  of  them 
will  become  vifible  to  the  naked  eye  ; then  with  the  nib  of  a pen,, 
cut  to  a very  fine  point,  and  fliaved  fo  thin  as  to  be  extremely 
pliable,  fingle  out  one  of  the  largeft  eels,  and  infmuate  the 
point  of  the  pen  underneath  it ; remove  it  into  a very  fmall  drop 
of  water,  which  you  muff  have  ready  prepared  on  another  flip  of 
glafs.  When  thus  confined,  it  may  eafily  be  cut  afunder  tranl- 
verfely,  by  the  help  of  a good  eye  and  heady  hand,  with  a lancet 
or  fharp  penknife  ; or  if  the  eye  is  deficient,  a hand-magnifier 
will  enable  almoh  any-body  to  perform  the  operation.  As  foon 
as  the  parts  are  feparated,  apply  your  objeSt  to  the  microfcope, 
and  if  the  divifion  has  been  made  about  the  middle  of  the  animal,, 
feveral  oval  bodies,  of  different  fizes,  will  be  feen  to  iffue  fotth. 
Thefe  are  young  anguillae,  of  different  degrees  of  maturity,  each 
whereof  is-  coiled  up,,  and  included  in  it’s  proper  membrane, 
which  is  of  fo  exquifite  a finenefs,  as  to  be  fcarce  difcernible  by 
the  greateh  magnifier  while  it  inclofes  the  embryo  animal.  The 
largefl  and  molt  forward  break  immediately  through  this  delicate 
integument,  unfold  themfelves,  and  wriggle  about  in  the  water. 

nimbly 


Microscopical  Essays, 


525 

nimbly ; others  get  out,  uncoil,  and  move  about  more  flowly ; 
and  the  leaft  mature  continue  entirely  without  motion.  The 
uterus,  or  vehel  that  contains  all  thefe  oval  bodies,  is  compofed 
of  many  annula,  or  ringlets,  not  unlike  the  afpera  arteria  of  land 
animals,  and  it  feems  to  be  confiderably  elaftic  ; for  as  foon  as 
the  operation  is  performed,  the  oval  bodies  are  thrufl  out  with 
fome  degree  of  violence,  by  the  fpringing  back  or  adtion  of  this 
bowel.  An  hundred  or  upwards  of  the  young  ones  have  been 
feen  to  ilfue  from  one  fingle  eel,  whereby  the  prodigious  increafe 
of  them  may  be  accounted  for,  as  probably  feveral  fuch  numerous 
generations  are  produced  in  a Ihort  time.  Hereby  we  alio  learn 
that  thefe  creatures  are  not  only  like  eels  in  Ihape,  but  are  like- 
wife  viviparous,  as  eels  are  generally  fuppofed  to  be„ 

There  is  fcarce  a more  entertaining  experiment,  in  which  there 
is  but  little  rifk  of  being  difappointed ; for  they  feem,  like 
earth-worms,  to  be  all  prolific,  and  unlefs  by  accident  you  cut 
one  that  has  brought  forth  all  it’s  young  before,  or  make  your 
trials  when  the  pafle  has  been  kept  a very  long  time,  (in  which 
cafe  they  have  been  found  fometimes  unfruitful)  you  may  be  fure 
of  fuccefs. 

An gu iHula  Marina. 

This,  when  prefTed  between  two  plates  of  glafs,  appears  to  be 
little  more  than  a cryftalline  {kin,  with  a kind  of  clay-coloured 
inteftines.  The  fore-part  of  the  body  is  truncated,  the  lower 
part  drawn  out  to  a fine  point,  the  reft  of  the  body  is  of  an  equal 
fize  throughout.  The  younger  ones  are  filled  with  pellucid 
molecular  inteftines. 

72.  Vibri® 
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72.  Vibrio  L inter. 

' : . * • . » » • r. 

Vibrio  ventricofo-ovatus,  collo  breviffimo.  Ventricofe  oval 
vibrio,  with  a fhort  neck. 

This  is  one  of  the  larger  animalcula,  of  an  egg  fhape,  pellucid, 
inflated,  fomewhat  deprelfed  at  top  ; the  apex  is  prolonged  into  a 
moveable  cryftalline  neck,  the  belly  is  replete  with  pellucid  mole- 
cules. It  is  not  very  common,  but  is  to  be  found  among  the 
lemnee. 

73.  Vibrio  Utriculus. 

Vibrio  teres,  antice  anguftatus  truncatus,  poflice  ventricofus. 
Round  vibrio,  the  fore-part  narrow  and  truncated,  the  lower 
ventricofe. 

It  does  not  ill  refemble  a bottle  in  fhape ; the  belly  is  replete 
with  molecular  inteftines,  the  neck  bright  and  clear,  the  top 
truncated ; in  fome  a pellucid  point  is  vifible  at  the  bottom  of  the 
belly.  It  is  in  an  unceafing,  vehement,  and  vacillatory  motion, 
the  neck  moving  from  one  fide  to  the  other  as  faff  as  pofiible. 

74.  Vibrio  Fafciola. 

Vibrio  antice  attenuatus,  medio  latiufculus,  poftice  acutus. 
Vibrio  with  a fmall  fore-part,  the  middle  a little  bigger,  the  hind- 
part  acute. 
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This  is  a pellucid  animalculum,  in  the  middle  are  the  inteflines 
in  the  form  of  points ; an  alimentary  pipe,  which  lelfens  gradually 
in  fize,  is  alfo  perceptible. 

The  motion  of  it  is  quick,  darting  itfelf  up  and  down  the 
water  with  great  velocity.  It  is  found  in  water  juft  loofened 
from  the  froft,  and  feldoin  elfewhere. 

75.  Vibrio  Colymbus. 

Vibrio  craflus,  poftice  acuminatus,  collo  fubfalcato.  Thick 
vibrio,  fharpened  at  the  end,  the  neck  a little  bent. 

It  is  larger  than  moft  of  the  vibrios,  and  not  unlike  a bird  in 
fhape.  The  neck  is  round,  fhorter  than  the  trunk,  of  an  equal 
fize  throughout,  and  of  a bright  appearance,  the  apex  obtufe. 
The  trunk  is  thick,  fomewhat  triangular,  full  of  yellow  mole- 
cules ; the  fore-part  broad,  die  hinder-part  acute,  the  motion 
flow. 


76.  Vibrio  Stii&us. 

Vibrio  elongatus  linearis,  anticem  verfus  attenuatuS,  apice  ob- 
tufo.  Vibrio  lengthened  out  almoft  to  a line,  fmall  towards  the 
lore-part,  the  apex  obtufe. 

The  body  linear,  being  a membranaceous  bright  thread,  with- 
out any  flexure ; the  hind-part  thicker,  round,  and  filled  with 
molecules,  excepting  juft  the  end,  where  there  is  a fmall  pellucid 
6.  empty 
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empty  fpace.  The  apex  is  obtufe,  and  rather  globofe ; it  has  a 
power  of  contra&ing  and  drawing  in  the  filiform  part. 

77.  Vibrio  Anas. 

Vibrio  oblongus,  ntroque  fine  attenuartus,  collo  cauda  longiore. 
Oblong  vibrio,  both  ends  attenuated,  the  neck  longer  than  the 
tail. 

The  trunk  round,  oblong,  opake,  and  crammed  with  mole- 
cules. Both  the  fore  and  the  hind-part  is  prolonged  into  a pellu- 
cid talcy  membrane,  which  the  animalculum  has  a power  of  re- 
tracing at  pleafure.  The  neck  is  longer  than  the  tail,  and  the  tail 
is  more  acute  than  the  neck.  It  is  moll  generally  found  in  fait 
water ; a fpecies  of  them  have  been  found  in  river  water,  with  a 
longer  neck. 


78.  Vibrio  Cygnus. 

# 

Vibrio  ventricofus,  collo  adunco.  Corpulent  vibrio,  with  a 
crooked  neck. 

This  animalculum  is  little  more  than  a moll  pellucid  line, 
crooked  at  top,  prominent  in  the  middle,  and  (harp  at  the  end ; 
the  fore-part,  or  neck,  is  equal  in  length  to  the  reft  of  the  body, 
and  three  times  longer  than  the  hind-part,  or  tail,  the  interme- 
diate part  swelling  out,  and  is  full  of  darkifh  molecules  and  pel- 
lucid intefiines.  It  is  very  fmall,  and  the  moft  flothful  of  all 
thofe  which  move  and  advance  their  necks. 


79.  Vibrio 
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79.  Vibrio  Anfer.  Fig.  27  and  29,  Plate  XXV. 

Vibrio  ellipticus,  collo  iongo,  tuberculo  dorfali.  Elliptical 
vibrio,  with  a long  neck,  and  a little  lump  on  the  back.' 

It  is  between  the  vibrio  proteus  and  vibrio  falx,  and  is  diflin- 
guifhed  by  the  lump  b,  Fig.  29,  on  the  back,  placed  behind  the 
neck  ; from  this  an  even  long  neck  (a)  proceeds. 

The  trunk  (d)  is  elliptic,  round,  and  without  any  lateral  in- 
equality, full  of  molecules,  the  hind-part  fharp  and  bright,  the 
fore-part  produced  into  a bending  neck,  that  is  longer  than  the 
body  ; the  apex  even  and  whole,  blue  canals  pafiing  between  the 
marginal  edges,  occupying  the  whole  length  of  the  neck  ; in  one 
of  them  a vehement  defcent  of  water  to  the  beginning  of  the 
trunk  is  perceivable. 

The  motion  of  the  body  is  flow,  that  of  the  neck  is  more  lively 
and  flexuous,  fometimes  fpiral.  It  is  found  in  water  where  there 
is  duck-weed. 

80.  Vibrio  Olor.  Fig.  28,  Plate  XXV. 

Vibrio  ellipticus,  collo  longiflimo,  apice  nodofo.  Elliptical, 
with  a very  long  neck,  and  a knob  on  the  apex. 

% 

An  animalculum  which  is  continually  moving  it’s  lively  neck. 
The  form  of  the  body  is  elliptical  and  ventricofe,  the  hind-part 
fomewhat  (harp.  It  is  membranaceous,  dilatable,  winding 
varioufly  ; the  hind-part  is  fometimes  replete  with  darkifh  mole- 
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cules.  The  neck  (d)  is  three  or  four  times  longer  than  the  body, 
of  an  equal  fize  throughout,  except  a fmall  degree  of  thicknefs  at 
the  apex  (f)  very  pellucid.  The  neck  is  very  lively  in  it’s  mo- 
tions, the  body  How. 

Is  found  in  water  that  is  kept  for  a long  time,  and  which  is  full 
of  a vegetable  greennefs. 

«r 

81.  Vibrio  Falx. 

Vibrio  gibbofus,  pollice  obtufus,  collo  falcato.  A gibbous 
vibrio,  the  hind-part  obtufe,  the  neck  crooked. 

The  body  is  pellucid,  elliptical,  the  fore-part  leffening  into  a 
little  round  bright  neck,  nearly  of  the  lame  length  as  the  trunk, 
the  hind-part  obtufe.  The  trunk  itfelf  is  rather  rounding  or 
tending  to  the  gibbous,  and  filled  with  very  fmall  molecules ; 
there  are  alfotwo  bright  globules,  one  withi  i the  hind  extremity, 
the  other  in  the  middle  of  the  body.  The  immobility  of  the  neck 
gives  it  motions  much  the  refemblance  of  a fcythe. 

82.  Vibrio  Interrnedius. 

Vibrio  me  mb  ran  ace  us,  antice  attenuatus,  pollice  fubacutus* 
Membranaceous  vibrio,  the  fore-part  fmall,  the  hinder-part 
fomewhat  acute. 

It  feems  to  be  an  intermediate  fpecies  between  the  vibrio  falx 
and  the  fafciola  ; it  is  a thin  membrane,  conftantly  folded.  I he 
whole  of  it  is  of  a cryllaliine  taicy  appearance,  the  middle  replete 

with 
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with  grey  particles,  of  different  llzes  ; it  has  all  round  a diftinft 
bright  margin,  the  apex  of  the  neck  is  truncated,  the  tail  obtufe. 

VI.  Cyclidium. 

Vermis  inconfpicuus,  ftmpliciftimus,  pellucidus,  complanatus, 
orbicularis  vel  ovatus.  A limple,  invifible,  pellucid,  flat,  orbi- 
cular, or  oval  worm. 

83.  Cyclidium  Bulla. 

Cyclidium  orbiculare  hyalinum.  Orbicular  bright  cyclidium. 

A very  pellucid  white  animalculum,  or  orbicular  {kin,  the 
edges  a little  darker  than  the  reft.  By  the  aftiftance  of  the  com- 
pound microfcope,  fome  globular  cryftalline-like  inteftines  are 
juft  perceptible.  It  moves  (lowly  and  femicircularly.  Is  found 
occafionally  in  an  infufion  of  hay. 

84.  Cyclidium  Millium. 

Cyclidium  ellipticum  cryftallinum.  Elliptic  and  cryftalline 
cyclidium. 

It  is  very  pellucid,  and  more  fplendid  than  chryftal,  membra- 
naceous, elliptical ; aline  is  perceived  through  the  whole  length 
of  it,  a point  in  the  fore-part,  the  hinder-part  getting  darker.  It’s 
motion  fwift,  fluttering,  and  interrupted ; it  is  probable  that  both 
extremities  are  ciliated. 

8j.  Cyelb 
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85.  Cyclidium  Fluitans. 

Cyclidium  ovale  cryftallinum.  Oval  cryftalline  cyclidium. 

This  is  one  of  the  fmalleft  animalcula.  The  body  of  an  oval,, 
or  rather  a fuborbicular  fhape,  deprefled,  cryftalline ; two  fmalli 
blue  fpaces  may  be  difcovered,  by  the  affiflance  of  the  micro- 
fcope,  at  the  fides  of  this  little  creature. 

86.  Cyclidium  Glaucoma. 

Cyclidium  ovatum,  interaneis  aagre  confpicuis.  Oval  cycli- 
dium, the  inteflines  perceived  with  difficulty. 

A pellucid  oval  body,  both  ends  plain,  or  an  oval  membrane, 
with  a diftinft  well-defined  edge ; the  inteflines,  when  it  is 
empty,  are  fo  tranfparent,  that  they  are  with  difficulty  difcerned  ; 
being  full,  they  are  manifefled  by  their  green  colour ; dark  glo- 
bules are  diicoverable  in  the  middle. 

In  plenty  of  water  it  moves  fwiftly  in  a circular  and  diagonal’ 
direfiion  ; whenever  it  moves  (lowly  it  feems  to  be  taking  in. 
water,  the  inteflines  are  then  alfo  in  a violent  commotion.  Two 
of  the  fmaller  ones  may  often  be  perceived  cohering  to  each 
other,  and  drawing  one  another  by  turns  ; nor  are  they  feparated 
by  death,  for  they  remain  united  even  when  the  water  is  evapo- 
rated. The  unfkilful  in  cbfervation  muff  be  careful  left  they 
miftake  the  fhade  in  a fingle  one  for  a junftion  of  two,  or  the 
jun&ion  of  two  for  a copulation,  for  they  generate  by  divifion. 

T 
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87.  Cyclidiura  Nigricans. 

Cyclidium  oblongiufculum,  margine  nigricans.  Oblong  cy- 
clidium,  with  a black  margin. 

It  is  very  (mail,  pellucid,  flat,  and  with  a black  margin.  With 
a fmall  magnifier  it  may  be  miftaken  for  an  enchelis. 

88.  Cyclidium  Roflratium. 

Cyclidium  ovale,  antice  mucronatum.  An  oval  cyclidium, 
the  fore-part  pointed. 

This  is  an  oval,  fmooth,  and  very  pellucid  animalculum,  the 
fore-part  produced  into  an  obtufe  point ; with  this  it  feels  and 
examines  bodies.  It  is  probably  ciliated,  though  the  hairs  have 
not  been  difcovered. 

The  intefiines  are  filled  with  a blue  liquor,  forming  in  a tube,, 
which,  from  the  aperture  to  the  middle  of  the  body,  is  divided 
into  two  legs,  or  branches ; beyond  the  middle  there  are  two 
little  tranfverfe  blue  lines.  The  colour  fometimes  vanifhes,  and. 
then  only  veficular  intefiines  are  difcerned. 

89.  Cyclidium  Nucleus. 

Cyclidium  ovale,  poflice  acuminatum.  An  oval  cyclidium, 
the  hind-part  pointed. 

The 
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The  body  is  pellucid,  deprefied,  the  fore-part  obtufely  convex, 
the  hind-part  acute,  the  intellines  vehicular,  the  fore  and  hind- 
part  on  each  fide  dark.  It  refembles  a grape- feed. 

90,  Cyclidium  Hyalinum. 

Cyclidium  ovatum,  poftice  acutum.  Oval  cyclidium,  the 
hind-part  acute. 

This  cyclidium  is  oval,  Oat,  and  bright,  without  any  vifible 
intellines,  the  hinder  part  fom e what  fmaller  than  the  fore-part ; 
it  has  a tremulous  kind  of  motion. 

91.  Cyclidium  Pediculus. 

Cyclidium  ovale  eonvexum,  fubtus  planum  An  oval  convex 
cyclidium,  the  bottom  even. 

Tiembley  Pci yp.  1.  p.  2S2. 

This  is  a gelatinous  white  animalculum,  the  bottom  over  the 
back  gibbous,  the  extremities  deprelfed  and  truncated,  fometimes 
one  end  feems  cloven  into  two  points,  perhaps  this  is  the  aper- 
ture of  the  mouth. 

It  runs  upon  the  hydra  pallida  as  if  it  had  feet,  going  back 
again  every  moment.  It  is  fcarce  ever  feen  but  on  the  arms  and 
the  body  of  the  hydra. 


92.  Cycli- 
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92.  CycJidium  Dubium. 

Cyclidium  ovale,  fupra^  convexum,  fubtus  cavum.  Oval  cy- 
clidium, the  upper  part  convex,  the  under  part  concave. 

This  is  one  of  the  larger  fpecies,  the  body  is  of  an  oval  fhape, 
one  fide  is  convex,  the  other  is  concave,  the  margin  is  pellucid, 
the  inner  part  contains  a great  number  of  black  molecules. 

VII.  P ARAM1CIUM. 

Vermis  inconfpicuus,  fmiplex,  pellucidus,  membranaceus, 
oblongus.  An  invihble,  fimple,  pellucid,  membranaceous,  flat 
worm. 


93.  Paramsecium  Aurelia. 

Paramecium  compreflum,  verfus  anticam  plicatum,  poflice 
acutum.  Paramecium  comprefled,  oblong,  folded  towards  the 
fore-part,  the  hinder-part  acute. 

Volvox  Terebella.  Ellis. 

This  is  rather  a large  animalculum,  membranaceous,  pellucid, 
four  times  longer  than  it  is  broad,  the  fore-part  obtufe,  tranfpa- 
rent,  without  inteftines,  the  hind-part  replete  with  molecules  of 
various  fizes ; the  fold  which  goes  from  the  middle  to  the  apex  is 
a linking  charadteriPiic  of  the  fpecies,  forming  a kind  of  trian- 
gular 
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gular  aperture,  and  giving  it  fomewhat  the  appearance  of  a gimlet. 
It’s  motion  is  re£lilinear,  vacillatory,  and  generally  vehement. 

They  may  often  be  feen  cohering  lengthways ; the  lateral  edges 
of  both  bodies  appear  bright.  They  may  alfo  fometimes  be  feen 
lying  on  one  another  by  turns,  and  fometimes  cohering  by  the 
middle.  They  live  many  months  in  the  fame  water  if  it  is  not 
renewed.  They  are  to  be  found  in  June,  in  ditches  where  there 
is  plenty  of  duck-weed. 

94.  Paramecium  Chryfalis.  Fig.  26,  Plate  XXV. 

Paramecium  cylindraceum,  verfus  anticam  plicatum,  pofticeob- 
tufum.  Cylindrical  paramecium,  folded  towards  the  fore-part, 
the  hinder-part  obtufe. 

It  differs  but  very  little  from  the  preceding,  only  the  ends  (a  b) 
are  more  obtufe  ; the  margin  is  filled  with  black  globules,  and  it 

is  an  inhabitant  of  fait  water. 

/ 

95.  Paramecium  Verfutum. 

Paramecium  cylindraceum,  poftice  incraffatum,  utraque  ex- 
tremitate  obtufum.  Cylindrical  paramecium,  the  lower  part 
thick,  and  both  ends  very  obtufe. 

An  oblong  body,  green,  gelatinous,  filled  with  molecules,  the 
lower  part  thick,  the  fore-part  fmaller,  both  ends  obtufe,  and 
may  be  feen  to  propagate  by  divifion.  Is  found  in  ditches. 
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9 6.  Paramecium  Oviferum.  Fig.  25,  Plate  XXV. 

Paramecium  deprefTum,  intus  bullis  ovalibus.  Paramecium 
depreffed,  with  large  oval  molecules  within  fide. 

A membranaceous,  oval,  oblong  animalculum,  grey,  pellucid, 
having  many  oval  very  pellucid  cor.pufcles  (a)  difperled  about  the 
body,  and  many  black  grains  towards  b. 

97.  Paramecium  Marginatum.  Fig.  24,  Plate  XXV. 

Paramecium  deprefTum,  grifeum,  margine  duplici.  Parame- 
cium depreffed,  grey,  with  a double  margin. 

This  is  one  of  the  largeft  of  this  clafs,  flat,  elliptical,  every 
part  filled  with  molecules,  except  the  lower  end  (b),  where  there 
is  a pellucid  vehicle;  this  animalculum  is  furrounded  by  a broad 
double  margin ; when  expiring,  a bright  fpiral  intefline  may  be 
feen.  (a),  Fig.  24,  the  apex,  (b)  the  vehicle,  (e)  the  fpiral  in- 
teftine. 

VIII.  Kolpoda. 

Vermis  inconfpicuus,  fimplicifTimus,  pellucidus,  complanatus, 
fmuatus.  An  invifible,  very  fnnple,  pellucid,  flat,  crooked 
worm. 
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98.  Kolpoda  Lamella. 

Kolpoda  elongata  membranacea,  antice  curvata. 

This  animalculum  is  a pellucid  membrane,  long  and  narrow* 
the  hind-part  obtufe,  narrower,  and  curved  towards  the  top  ; no 
inteftines  difcoverable,  only  a ridge,  or  fold,  going  through  the 
middle.  It’s  motion  is  vacillatory  and  fmgular,  moving  to  and 
fro  on  it’s  edge,  not  on  the  flat  fide,  as  is  ulual  with  molt  micro- 
fcopic  animals.  It  is  found  in  water,  but  is  very  feldom  to  be 
met  with. 


99.  Kolpoda  Gallinula. 

Kolpoda  oblonga,  dorfo  antico  membranaceo  hyalino.  Ob- 
long kolpoda,  the  back  towards  the  fore-part  bright  and  mem- 
branaceous. 

The  apex  rather  bent,  the  belly  oval,  convex  and  llriated.  It 
is  found  in  foetid  fait  water. 

100.  Kolpoda  Roftrum. 

Kolpoda  oblonga,  antice  uncinata.  Oblong,  the  fore-part 
hooded. 

I , 

The  fore  part  is  bent  into  a kind  of  hook,  the  hind-part  is  ob- 
tufe, and  everv-where  filled  with  black  molecules.  One  of  the 
edges,  from  the  fore-part  to  the  middle,  is  often  fo  blunted  and 

dilated 
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dilated  that  the  reft  of  the  body  appears  quite  fmooth,  and  that 
part  thick  and  triangular.  It’s  motion  is  flow  and  horizontal.  It 
is  to  be  found  in  water  where  there  is  lemna,  but  not  often. 


101.  Kolpoda  Ochrea. 


Kolpoda  elongata,  membranacea,  apice  attenuato,  bafi  in  an- 
gulum  rectum  produ&a.  Kolpoda  long,  membranaceous,  the 
apex  attenuated,  the  bafe  bent  in  a right  angle  to  the  body. 

A large  animalculum,  long,  and  of  a fmgular  figure,  deprefied, 
membranaceous,  flexible  ; one  edge  nearly  ftrait,  the  other  fome- 
what  bent,  filled  with  obfeure  molecules,  and  a few  little  bladders 
difperfed  here  and  there  ; the  apex  bright  and  fmall,  the  bafe 
projecting  like  the  human  foot  from  the  leg. 


102.  Kolpoda  Mucronata. 


Kolpoda  membranacea  dilatata,  antice  anguftata,  altero  mar- 
gine  incifa.  Membranaceous  dilated  kolpoda,  the  fore-part 
fmaller  than  the.  hind- part,  with  a fmall  incifion  at  one  fide. 

This  animalculum  is  a dilated  bright  membrane,  the  apex  an 
obtufe  point,  a broad  marked  border  running  entirely  round  it ; 
within  the  margin  it  is  filled  with  grey  molecules,  a flelhy  dife  on 
one  fide,  which  terminates  in  a fplendid  little  point  on  the  other 
fide  the  dife.  It  has  a truncated  appearance. 
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103.  Kolpoda  Triquetra. 

Kolpoda  obovata  deprefla,  altero  margine  retufo.  Kolpoda 
nearly  of  an  egg-fhape,  one  edge  turned  back. 

This  animalculum  feems  to  confift  of  two  membranes,  the  up- 
per fide  flattened,  the  lower  convex  ; the  apex  is  bent  fo  as  to 
form  a kind  of  fhoulaer.  It  was  found  in  fait  water. 

104.  Kolpoda  Striata. 

Kolpoda  oblonga,  fubarcuata  depreffa,  Candida  antice  acumi- 
nata, poltice  rotundata.  Oblong,  fomewhat  of  a pear-ftiape, 
white,  the  fore-part  pointed,  the  hind-part  round. 

It  is  very  pellucid  and  white,  the  upper  part  rather  bent,  and 
terminating  in  a point,  the  lower  part  obtufely  round  ; at  the 
apex,  or  mouth,  there  is  a little  black  pellucid  veficle  ; when  a 
very  great  power  is  ufed,  the  body  appears  covered  with  long 
{freaks  ; the  lower  extremity  is  furnifhed,  like  many  other  ani- 
malcula,  with  very  fmall  globules.  Is  to  be  found  in  fait  water.. 

105.  Kolpoda  Nucleus. 

-Kolpoda  ovata',  vertice  acuto.  Egg-fhaped  kolpoda,  with  an. 
acute  vertex. 

It  is  of  an  oval  fhape,  the  vertex  pointed,  of  a brilliant  tranf- 
parency,  which  renders  the  vifeera  vifible  ; they  confift  of  a heap 
of  round  diaphanous  veficules, 

10^.  Kol- 
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1061.  Kolpoda  Meleagris. 

Kolpoda  mutabilis  antice  uncinata,  poflice  complicata. 
Changeable,  with  the  fore- part  like  a hook,  the  hind-part  folded 
up.  Fig.  22,  Plate  XXV. 

A mod;  fmgular  animalculumr  of  the  larger  fpecies ; it  has  a 
dilated  membrane,  with  the  fined  folds,  which  it  varies  and  bends 
in  a moment ; the  fore-part  of  the  body  to  the  middle  is  clear  and 
bright,  the  hind- part  varioufiy  folded  in  tranfverfe  elevated  plaits, 
and  full  of  molecules  ; the  apex  turned  into  a hook,  the  margin 
finuous,  and  beneath  the  apex  denticulated  with  three  or  four 
teeth  ; or  in  fome  which  are  more  beautifully  wrought,  the  edge 
is  obtufely  notched,  and  fet  with  dill  fmaller  notches ; in  the 
hind-part  there  are  twelve  or  more  equal  pellucid  globules.  It 
moves  fometimes  in  a firait,  fometimes  in  a crooked  line.  Fig. 
22,  Plate  XXV.  a the  hooked  apex,  b the  denticulated  margin, 
c the  feries  of  g'ohules,  d the  folded  part  at  bottom. 

* 107.  Kolpoda  Adimilis. 

Kolpoda  depreda,  non  plicatilis  apice  uncinato,  margine  am- 
fico  ad  medium,  ufque  crenulato  podice,  dilatato  acutiuiculo. 
Kolpoda  deprefied,  the  apex  turned  in  the  form  of  a fmall  hook,, 
the  margin  of  the  fore-part  notched  from  the  top  to  the  middle, 
the  lower  part  fwells  out,  then  diminifhes  again  into  a fhort  point. - 
It  is  never  folded  like  the  foregoing  ; it  has  an  elliptic  mafs  in  the 
middle.  It  was  found  on  the  fea-coaffo 
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108.  Kolpoda  Cucullus.  Fig.  23,  Plate  XXV. 

Kolpoda  ovata  ventricofa,  infra  apicem  incifa.  Egg-lhaped 
ventricofe,  with  an  incifion  in  the  fore-part. 

It  is  very  pellucid,  with  a well- defined  margin,  filled  with  little 
bright  vehicles,  differing  in  number  and  fize.  The  figure  of  the 
moll  part  is  oval,  the  top  bent  into  a kind  of  an  obtufe  beak, 
feldom  an  acute  one,  but  fometimes  obloncr  It’s  inteftines  are 
formed  of  from  eight  to  twenty-four  bright  little  vehicles,  thefe 
are  not  confpicuous  in  the  young  ones ; fome  have  fuppofed  that 
thefe  were  animalcula  that  had  been  fwallowed  by  the  kolpoda, 
but  Mr.  Muller  thinks  they  are  the  offspring  of  the  kolpoda. 
In  fome  only  one  cryfiallfne  veficle  occupies  the  middle  of  the 
body.  When  the  water  is  almoll  exhaled,  and  death  nigh,  it 
moves, more  llowly  than  ufual,  and  protrudes  it’s  offspring  with 
violence. 

It  moves  in  general  with  great  vivacity,  and  in  all  directions, 
a the  cap  or  liood,  b die  incifion.  It  is  found  in  infufions  of 
Vegetal  t id  hay.  In  fome  few  a tranfparent  mem- 

branaceous fubftance  may  be  perceived  projecting  beyond  the 
beak,  and  refembling  an  exuvia  ; the  fame  may  be  cbferved  in 
the  enchelis  vibrio,  and  it  is  probable  that  a decollation  or  call- 
ing of  the  Ikin  has  place  in  thefe  animalcula,  as  well  a.s  in  inleCts. 
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log.  Kolpoda  Cucullulus. 

# 

Kolpoda  oblonga,  infra  apicem  oblique  incifa.  Kolpoda  ob- 
long, with  an  oblique  incifion  a little  below  the  apex. 

A very  pellucid  crvltalline  animalculum  ; it  is  furnilhed  with 
feveral  pellucid  globules ; there  is  a bending  a little  beneath  the 
top,  which  in  fome  portions  is  very  diflin£lly  feen,  in  others  not. 
It  was  obferved  in  an  infulion  of  the  fonchi  arvenfis. 

no.  Kolpoda  Cucullio. 

Kolpoda  ovalis  depreffa,  infra  apicem  tantillum  finuata.  Flat 
oval  kolpoda,  with  a fmall  degree  of  bending  beneath  the  apex. 

This  is  an  oval,  or  rather  an  elliptical  kolpoda,  flat  on  the  up- 
per hde,  convex  on  the  under  fide,  membranaceous  and  bright, 
the  fore-part  clear  ; from  the  middle  to  the  hinder-part  it  is  filled 
with  filver-like  globules.  It  often  flretches  out  the  fore-part,  and 
folds  it  in  d'fferent  pofitions. 

ill.  Kolpoda  Ren. 

Kolpoda  craiTa  medio  finuata.  This  kolpoda  is  thick,  and 
curved  in  the  middle. 

The  body  is  yellow,  thick,  and  rather  opake,  even  where 
round,  curved  a little  in  the  middle,  fo  as  to  have  the  appearance 
of  a kidney  ; the  whole  body  is  filled  with  molecules.  It’s  mo- 
tion 
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tion  is  quick,  vacillatory,  and  interrupted.  If  the  water  in  which 
it  fwims  fail,  it  affumes  an  oval  form,  is  comprelfed,  and  at  laft 
burfls.  It  is  found  in  an  infufion  of  hay.  generally  about  thir- 
teen hours  after  the  infufion  is  made. 

112.  Kolpoda  Pirum.  Fig.  20  and  21,  Plate  XXV. 

Kolpoda  convexa,  ovalis,  apice  in  roflrum  produ&a.  Convex 
kolpoda,  oval,  the  apex  formed  into  a kind  of  beak. 

The  body  is  uniform  and  tranfparent,  without  any  fenfible  in- 
equality, the  neck  rather  long,  and  a little  bent ; it  is  of  a pale 
colour,  and  furnifhed  with  obfcure  little  globules.  Fig.  20  re- 
prefents  this  animalculum,  21  the  fame  dividing  to  form  another, 
a the  fore-part,  b the  hind-part,  c where  it  is  dividing. 

\ 

1 13.  Kolpoda  Cuneus. 

Kolpoda  clavata,  teres,  apice  dentata.  Clavated  kolpoda, 
round,  the  apex  dentated. 

This  is  a large  animalculum,  the  body  white,  gelatinous, 
without  any  dihinfl  vifcera.  On  the  fore-part  at  one  fide  there  is 
a pellucid,  bright,  hriatcd  puflule  ; the  apex  is  diftinguifhed  by 
three  or  four  teeth,  the  hinder-part  is  fmaller  than  the  fore-part, 
with  an  obtufe  termination,  which  it  can  bend  in  a fpiral  form. 


IX.  Go- 
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IX.  G O N I U M. 

Vermis  inconfpicuus,  fitnpliciflimus,  complanatus,  angulatus. 
An  invifible,  Ample,  fmooth,  angular  worm. 

114.  Gonium  Pe&orale.  Fig.  17,  Plate  XXV. 

Gonium  quadrangulare,  pellucidum  moleculis  fedecim  fphaeri- 
cis.  This  gonium  is  quadrangular,  pellucid,  with  fixteen  fpherical 
molecules. 

Thefe  fixteen  little  oval  bodies  are  nearly  equal  in  fize,  of  a 
greenifli  colour,  pellucid,  and  fet  in  a quadrangular  membrane, 
like  the  jewels  in  the  breaft-plate  of  the  high-prieft,  refle&ing  light 
on  both  fides.  It’s  animality  is  evinced  by  it’s  fpontaneous  motion, 
advancing  alternately  towards  the  right  and  left ; thefe  little 
bodies  feem  oval  when  in  motion,  round  when  at  reft ; the  four 
interior  ones  are  a little  larger  than  the  reft.  Found  in  pure 
water. 

1 15.  Gonium  Pulvinatum. 

Gonium  quadrangulare,  opacum,  pulvillis  quatuor.  Qua- 
drangular, opake,  with  four  little  pillowTs. 

This  appears  under  the  microfcope  as  a little  quadrangular, 
membrane,  plain  on  both  fides;  with  a deeper  lens  it  looks  like 
a bolder,  formed  of  three  or  four  cylindric  pillows,  flattened  or 
funk  here  and  there.  Thus  it  appeared  to  M,  Muller  on  the  firft 
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examination ; Tome  days  after,  all  the  Tides  were  plain,  without 
any  convexity,  and  divided  into  little  fquare  fpaces  by  linea. 
crofiing  each  other.  Found  upon  dunghills. 

116.  Gonium  Corrugatum. 

> 

Gonium  quadrangulare,  albidum,  medio  correptum.  Qua- 
drangular gonium,  white,  funk  a little  in  the  middle. 

It  is  fomewhat  of  a fquare  fhape,  veiy  minute,  without  any 
vifible  vifcera,  a little  depreffed  in  the  middle.  It  is  found  in  va- 
rious infufions ; in  forne  pofitions  it  appears  ftreaked. 

117.  Gonium  Re&angulum. 

Gonium  re&angulum,  dorfo  arcuato.  This  gonium  is  re£T 
angular,  the  hind-part  arched. 

It  differs  from  the  preceding  one  but  little,  the  angle  at  the  bafe 
a right  one,  the  larger  veficle  is  tranfparent,  the  reft  green,. 

118.  Gonium  Truncatum. 

Gonium  obtufangulum,  poftice  arcuatum.  Gonium  with  ob-? 
tufe  corners,  the  hind-part  arched. 

Much  larger  than  the  foregoing,  the  fore-part  is  a ftrait  line, 
the  Tides  forming  therewith  obtufe  angles,  the  ends  of  thefe  Tides 
are  united  by  a curved  line ; the  internal  molecules  are  of  a dark 

green, , 
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green,  there  are  two  little  bright  veficles  in  the  middle,  it’s  mo- 
tion is  languid.  It  is  but  rarely  met  with,  and  then  moffly  in  pure 
water. 


X.  Bursari  a. 

Vermis  fimpliciflimus,  membranaceus,  cavus.  A very  fimple, 
hollow,  membranaceus  worm. 


119.  Burfaria  Truncatella. 

Burfaria  ventricofa,  apice  truncata.  Ventricofe  burfaria,  the 
top  truncated. 

An  animalculum  that  is  vifible  to  the  naked  eye,  white  and 
oval,  truncated  at  the  top,  where  there  is  a large  aperture,  the 
opening  that  forms  the  aperture  defcending  towards  the  bafe  ; at 
the  bottom  of  moft  of  them  there  are  three  or  five  yellow  eggs. 

It  moves  itfelf  at  pleafure  from  right  to  left,  and  from  left  to 
right,  afcending  to  the  fuperficies  of  the  water  in  a right  line; 
fometimes  it  rolls  about  while  defcending.  - 


120.  Burfaria  Bullina. 

Burfaria  cymbseformis,  antice  labrata.  Boat-fhaped  burfaria, 
|die  fore-part  formed  into  a lip. 


* 
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A pellucid  cryftalline  animalculum,  furnifhed  with  fmaller  and 
larger  fplendid  globules  fwimming  about  within  it,  the  under-fide 
convex,  the  upper-fide  hollow,  the  fore-part  forming  a kind  of 
lip, 

121,  Burfaria  Hirundinella.  Fig.  19,  Plate  XXV. 

Burfaria  utrinque  laciniata,  extremitatibus  produflis. 

Burfaria  with  two  little  projefting  wings,  one  on  each  fide,  the 
fore  and  hind-part  produced  fo  as  to  give  them  fome  refemblance 
to  the  head  and  tail  of  a bird.  It  is  invifible  to  the  naked  eye, 
hut  appears  to  be  a pellucid  hollow  membrane  under  the  micro- 
fcope.  They  have  no  vifible  inteflines  ; it  moves  fomewhat  like 
a fwallow ; a the  head,  b the  tail,  c one  of  the  wings. 

122.  Burfaria  Duplella.  Fig.  18,  Plate  XXV.. 

Burfaria  elliptica,  marginibus  inflexis.  Elliptic  burfaria,  with, 
the  edge  bent  in  and  out. 

A cryftalline  membrane  folded  up,  no  vifible  inteftines,  if  we 
except  a little  congeries  of  points  under  one  of  the  folds.  Was' 
found  among  duck-weed. 

123.  Burfaria  Globina. 

Burfaria  fphaerica,  medio  pellucentiflima.  Spherical  burfaria,. 
very  pellucid  in  the  middle, . 1 
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A fubfpheric  hollow  animalculum,  the  lower  end  furnifhed 
with  black  molecules  of  various  (izes,  the  fore-part  with  obfcure 
points,  the  reft  entirely  empty,  and  the  middle  very  pellucid; 
it  moves  (lowly  from  right  to  left. 

XI.  Cercaria. 

Vermis  inconfpicuus,  pellucidus,  caudatus.  An  invifible  pel- 
lucid worm  with  a tail. 

12 4.  Cercai  ia  Gyrinus. 

Cercaria  rotundata,  cauda  acuminata.  This  cercaria  is  round, 
and  has  a (harp-tail. 

The  body  is  white,  gelatinous,  without  any  traces  of  inteftines ; 
the  fore-part  fomewhat  globular,  the  hind-part  round,  long,  and 
pointed ; fometimes  it  appears  a little  comprefled  on  each  fide. 
The  tail  is  in  a continual  vibration  while  it  is  fwimming,  like  that 
of  the  tadpoles.  It  feems  very  fimilar  to  the  fpermatic  ani- 
malcula. 

125.  Cercaria  Gibba. 

Cercaria  fubovata  convexa,  antice  fubacuta,  cauda  tereth 
Somewhat  of  an  oval  (hape,  convex,  the  fore-part  rather  acute, 
the  tail  round. 


It 
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It  is  a fmall  animalculum,  gelatinous,  white,  opake,  without 
any  vifible  inteflines,  the  upper  part  convex  or  gibbous  ; many 
of  them  were  found  in  an  in fu lion  of  hay,  alfo  in  other  infufions. 

126.  Cercaria  Inquieta.  Fig.  31  and  32,  Plate  XXV. 


Cercaria  mutabilis  convexa,  cauda  Isevi.  Changeable  convex 
cercaria,  with  a fmooth  tail. 

♦ , , 

This  animalculum  fo  often  changes  the  form  of  its  body,  that 
it  is  not  eafy  to  defcribe  it ; it  is  fometimes  fpherical,  fometimes 
like  a long  cylinder,  at  others  of  an  oval  figure,  white,  gelati- 
nous, the  tail  is  filiform  and  flexible,  the  upper  part  vibrating 
vehemently,  no  vifible  vifcera,  a pellucid  globule  may  be  obferved 
at  the  bale,  and  two  very  fmall  black  points  placed  near  the  top 
at  d,  Fig.  32;  whether  they  are  eyes  to  the  animalculum  is  not 
known.  Was  found  in  fait  water,  a.  Fig.  31,  the  body,  b the 
tail. 


127.  Cercaria  Lemna,  Fig.  33,  34,  and  35. 

Cercaria  mutabilis,  fubdepreffa,  cauda  annulata.  Mutable 
cercaria,  fomewhat  flattened,  with  an  annulated  tail. 

This  animalculum  puts  on  fuch  various  forms,  that  at  firft  fight 
it  appears  like  the  proteus  of  Baker,  though  it  is  altogether 
different. 

The  body  is  capable  of  being  contrafled  or  extended,  of  the 
fhape  of  an  oblong  pear,  or  triangular,  kidney-fhaped.  The  tail 

fhort. 
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fhort,  thick,  and  annulated,  fometirq^s  long,  bending,  cylindric, 
and  without  rings.  It  vibrates,  when  it  is  ftretched  out,  with  fo 
much  velocity,  that  it  appears  as  it  were  double.  The  inteftines 
not  very  diftin£t,  near  the  apex  a fmall  pellucid  globule  is  per- 
ceivable, that  Muller  takes  to  be  it’s  mouth;  two  black  points 
which  are  near  it,  but  with  difficulty  difcovered,  he  fuppofes  to 
be  the  eyes.  It  draws  the  tail  fometimes  into  the  body.  Fig.  33, 
a,  the  body  rather  fpherical,  b the  tail ; Fig.  34,  c,  the  triangu- 
lar body ; Fig.  35,  the  body  extended,  e e the  eyes,  f f the  bow- 
els, g a large  veficle,  b a fmaller  one. 

It  walks  (lowly  after  taking  three  or  four  heps ; it  extends  the 
tail,  ere&ing  it  perpendicularly,  ffiaking  and  bending  it ; in  this 
Hate  it  refembles  much  the  leaf  of  the  lemna. 

128.  Cercaria  Turbo.  Fig.  30,  Plate  XXV. 

Cercaria  globulofa,  medio  coardlata,  cauda  unifeta.  Globular 
cercaria,  the  middle  contracted,  with  a tail  like  a bridle. 

Partly  of  an  oval,  and  partly  of  a fpherical  ffiape,  pellucid, 
and  of  a talcy  appearance.  It  feems  to  be  compofed  of  two  glo- 
bular bodies,  the  lower  one  being  the  fmalleft  ; this  figure  is  oc- 
cafioned  by  the  contra&ion  at  the  middle.  There  are  two  black 
points,  like  eyes,  at  the  upper  part  of  the  animalculum,  even  with 
a tranfverfe  line  which  erodes  the  top  of  this  little  creature  ; feve- 
ral  large  globules  may  be  difeerned,  the  tail  is  fometimes  quite 
firait,  fometimes  turned  back  on  the  body.  It  is  to  be  met  with 
among  the  duck-weed. 


1.29.  Cer- 


552 


Microscopical  Essays. 


129.  Cercaria  Poduria.  Fig.  37  and  38,  Plate  XXV. 

Cercaria  cylindracea,  pollice  acuminata  fubfiffa.  Cylindric 
•cercaria,  the  hind-part  lharp,  and  fomewhat  cloven. 

It  refembles  the  young  ones  of  the  podura  which  live  among 
the  lemna,  is  pellucid,  and  feems  to  confid  of  a head,  a trunk, 
and  a tail ; the  fore-part  refembles  the  head  of  a herring,  the  trunk 
is  cylindric.  and  replete  with  black  fpiral  intedines  ; appears 
■more  or  lefs  ventricofe,  at  the  will  of  the  animal.  Nothino'  to  be 
difcovered  in  the  hinder-part.  The  tail,  in  molt  fituations,  ap- 
pears divided  into  two  bridles.  When  the  animal  moves,  there 
is  a continual  motion  among  the  intedines,  which,  from  the 
various  fhades  they  occafion,  make  the  body  appear  very  rough  ; 
fome  lateral  hairs  (cilia)  are  fometimes  perceived.  It  moves  from 
one  place  to  another,  turning  round  at  the  fame  time  as  upon  an 
-axis.  It  is  to  be  found  in  November  and  December,  in  marfhy 
places  that  are  covered  with  lemna.  Fig.  3 6,  a the  head,  b the 
trunk,  c the  tail,  d with  one  point,  it  is  feen  at  e.  Fig.  37,  with 
two  points ; f the  hairs  on  the  fide. 

% 

130.  Cercaria  Viridis. 

Cercaria  cylindracea  mutabilis,  pollice  acuminata  fifia.  Cylin- 
drical cercaria,  mutable,  the  lower  end  lharp,  and  divided  into 
two  parts. 

This  animalculum,  when  in  it's  longed  date,  is  not  unlike  the 
preceding ; but  from  the  changes  to  which  the  body  is  fubjeft,  as 

well 
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well  as  the  colour,  it  differs  confiderably  from  it.  It  fometimes 
contracts  the  head  and  tail,  fo  as  to  form  a fpherical  figure ; at 
others  the  Tides  project  outwards.  Is  found  in  the  fpring,  in 
ditches  of  {landing  water. 


131.  Cercaria  Setifera. 

* 

Cercaria  cylindracea,  antice  anguflior,  poffice  acuminata. 
Cylindric  cercaria,  the  fore-part  final  left.,  the  hind-part  pointed. 

This  is  a fmall  cercaria,  the  body  rather  opake,  round,  the 
tipper  part  bright,  and  fmaller  than  the  reft;  the  trunk  is 
more  opake,  the  tail  {harp,  near  it  is  a little  row  of  fhort  hairs. 
It  has  a {low  rotatory  motion,  and  is  feldom  to  be  met  with,  and 
when  found  it  is  in  fait  water. 

132.  Cercaria  Kirta. 

Cercaria  cylindrica,  antice  fubtruncata,  poftice  obtufa,  bimu- 
-cronata.  Cylindrical  cercaria,  the  fore-part  fomewhat  truncated, 
the  lower  part  obtufe,  finifhing  with  two  fmall  points. 

A cylindrical  opake  animalculum,  with  two  fmall  points  at 
the  lower  end,  moveable,  yet  rigid,  and  placed  at  fome  diftance 
from  each  other ; when  in  motion,  the  body  feems  as  if  it  was 
furrounded  with  rows  of  fmall  hairs,  feparated  a little  from  each 
other.  It  was  obferved  in  fait  water. 


3X 


133.  Cer- 


133-  Cercaria  Crumcna. 


Cercaria  cylindraceo-ventricofa,  antice  oblique  truncata,  cauda 
lineari  bicufpidata.  Cylindrical  ventricofe  cercaria,  the  fore-part 
obliquely  truncated,  the  tail  linear,  terminating  with  two  diverg- 
ing points. 

The  body  is  ventricofe  and  cylindrical,  mufcul'ar  and  thick, 
the  lower  part  final  1;  the  upper  part  terminates  in  a fmall,  ftrak 
neck,  like  the  neck  of  a pitcher;  the  body  appears  wrinkled,  the 
tail  terminated  as  in  the  definition. 

194.  Cercaria  Catellus. 

Cercaria  tripartita,  cauda  bife&a.  Three-parted  cercaria,  the- 
tail  divided  into  two  parts. 

This  animalculum  is  more  complex  in  it’s  form  than  many 
others ; it  has  a moveable  head,  which  is  affixed  to  the  body 
only  by  a point ; an  abdomen,  which  is  not  fo  wide,  but  twice 
as  long  as  the  head,  replete  with  inteftines,.  and  a.  tail  which  is 
fhorter  than  the  head,  narrower  than  the  belly,  and  terminating 
in  two  brifiles ; thefe  it  can  unite  and  feparate  at  pleafure.  It 
moves  with  vivacity,  though  without  going  far  from  its  firll 
place-, 

335.  Cercaria  Catelina. 

Cercaria  tripartita,  cauda  bicufpidata.  Cercaria  diflinguifhed 
into  three  parts,  with  a fhort  forked  tail. 
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It  differs  from  the  preceding  in  feveral  refpefls,  being  larger, 
the  body  thicker,  more  cylindrical,  and  the  lower  part  truncated, 
with  two  fhort  diverging  points  projecting  from  the  middle.  Was 
found  in  a ditch  where  there  was  plenty  of  duck-weed. 

ij5.  Cercaria  Lupus.  Fig.  39,  Plate  XXV. 

Cercaria  cylindrica,  elongata,  torofa  cauda  fpinis  duabus. 
Cvlindric  cercaria,  long,  the  tail  furnilhed  with  two  fpines. 

This  animalculum  is  larger  than  mold  of  the  cercarias,  and  has 
fome  particulars  in  which  it  refembles  the  vorticella.  It  is  full  of 
mufcles,  capable  of  being  contrafted  or  extended;  cylindric, 
compofed  of  a head,  a trunk,  and  a tail ; the  head  is  larger  than 
the  body,  the  apex  turned  downwards  into  a little  hook ; the 
tail  is  like  the  body,  but  narrower,  terminating  in  two  very  bright 
fpines,  that  it  extends  differently.  It  fometimes  contrafts  itfelf 
into  one  half  it’s  fize ; then  again  it  extends  itfelf  to  it’s  ufual 
form.  Was  found  in  water  among  duck-wTeed.  a the  head, 
b the  trunk,  c the  tail,  dd  the  fpine  thereof 

137.  Cercaria  Vermicularis.  Fig.  40. 

Cercaria  cylindrica  annulata,'  probofcide  exfertili,  cauda  fpina 
duplici.  Cylindrical,  annulated,  with  a projefling  probofcis,  two 
fmall  fpines  for  the  tail. 

It  is  a long,  cylindrical,  flefhy,  mutable  animalculum,  divided 
into  eight  or  nine  rings,  or  folding  plaits,  the  apex  either  obtufe 
or  notched  into  two  points,  the  hind-part  rather  acute,  and  ter- 

3X2  minating 
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minating  in  two  pellucid  thorns ; fometimes  a fwelling  is  per  - 
ceived between  thefe.  It  often  proje£ts  from  the  inciiion  at  the 
apex,  a kind  of  cloven  probofcis.  Is  found  in  water  where  there* 
is  duck-weed,  d d the  points  of  the  fore-part,  e the  probofcis. 


338.  Cercaria  Forcipata. 

Cercaria  cylindrica,  rugofa,  probofcide  forcipata  exfertihY. 
cauda  bicufpidata. 

Cercaria  cylindrical,  wrinkled,  with  a forked  probofcis,  that  it; 
can  thruft  out,  or  pull  in.  It  is  found  in  marfhy  fituations. 

339.  Cercaria  Pleurone&es.  Fig.  38, . Plate  XXV. 

Cercaria  orbicularis,  cauda  unifeta.  Orbicular  the  tail,  confid- 
ing of  one  bridle. 

It  is  membranaceous,  rather  round,  and  white.  In  the  fore- 
part ai*e  two  blackifh  points.  The  hind-part  is  furnifhed  with  a 
flender  fharp  tail.  In  the  middle  are  orbicular  intedines  of  dif- 
ferent fizes ; the  larger  of  them  are  bright.  It’s  motion  is 
vacillatory ; in  fwimming,  one  edge  of  the  lateral  membrane  is : 
upwards;  the  other,  folded  down.  Found  in  water  that  has  been 
keptfeveral  months.. 


« 
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140..  Cercaria  Tripos.  Fig.  38,  Plate  XXV. 

Cercaria  fubtriangularis,  brachiis  deflexis,  cauda  redta.  Cerca- 
ria fomewhat  of  a triangular  form,  two  bent  arms,  and  a ftrait 

tail. 

The  body  flat,  pellucid,  triangular,  each  angle  of  the  bafe  of 
the  triangle,  or  fore-part  thereof,  being  bent  down  into  two 
linear  ears,  or  arms  ; the  apex  of  the  triangle  is  prolonged  into  a 
tail.  It  was  found  in  fait  water;  b the  tail,  a the  bent  arms. 

/ 

141.  Cercaria  Cyclidium. 

Cercaria  ovalis,  poftice  fubemarginata,  cauda  exterfili.  This  is 
oval,  the  hind-part  fomewhat  notched,  with  a tail,  that  it  thrufls 
out  at  pleafure. 

It’s  body  is  oval,  fmooth,  membranaceous,  pellucid,  with  a 
black  margin.  The  tail  is  not  fixed  to  the  edge,  but  concealed 
under  it,  and  coming  out  from  it  at  every  motion,  and  yet  fo  as 
to  project  but  little  from  the  edge.  There  is  a kind  of  border  to 
the  hinder-part.  It’s  inteftines  are  very  pellucid  vehicles.  Is  fre- 
quently found  in  pure  water. 

142.  Cercaria  Tenax. 

Cercaria  membranacea,  antice  crafliufcula,  truncata,  cauda 
triplo  breviore.  Membranaceous,  the  fore-part  rather  thick, 
truncated,  the  tail  three  times  fliorter. . 

1 


It 
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It  is  an  oval,  pellucid  membrane,  fomething  larger  than  the 
mona  lens.  The  fore-edge  thick  and  truncated,  the  hinder-part 
acute,  or  terminating  in  a Ihort  tail.  It  whirls  about  in  various 
directions  with  great  velocity. 

/ 

143.  Cercaria  Difcus.  * < 

Cercaria  orbicularis,  cauda  curvata.  A fmall  orbicular  cerca- 
ria,  with  a bent  taiL 


144.  Cercaria  Orbis. 

Cercaria  orbicularis,  feta  caudali  duplici  Iongiflima.  Orbicular 
cercaria,  with  a tail,  confiding  of  two  very  long  bridles. 


145.  Cercaria  Luna. 

Cercaria  orbicularis,  cauda  lineari  duplici  brevi.  Orbicular 
cercaria,  with  two  fhort  fpines  for  a tail ; the  fore-part  hollow- 
ed, fo  as  to  form  a kind  of  crefcent. 

f • / 

XII.  Leucophra. 

Vermis  inconfpicuus,  pellucidus,  undique  ciliatus.  An  invidble 
worm,  pellucid  and  every  where  ciliated. 


146.  Leu- 
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145.  Leucophra  Confli6lor. 

Leucophra  fphacrica,  fubopaca,  interaneis  mobilibus.  Sphe- 
rical opake  leucophra,  with  moveable  inteflines-. 

This  animalculum,  or  rather  a heap  of  animalcula,  is  perfectly 
fpheric.il,  and  larger  than  molt  fpecies  of  the  vorticella  ; it  is  femi- 
tranfparent,  of  a yellow  colour,  the  edges  of  a dark  colour.  It 
is  filled  with  a number  of  the  mod  minute  molecules,  it  rolls  at 
intervals  from  right  to  left,  but  feldom  removes  from  the  fpot 
where  it  is  fil'd  found. 

The  innumerable  molecules  circumfcribed  within  this  fphere 
are  in  continual  motion,  and,  as  it  were,  in  vehement  conflift, 
without  any  order.  From  the  great  concourfe  of  combatants  on 
one  fide,  or  the  other,  the  fphere  is  turned  either  to  the  right 
©r  left,  the  molecules  going  in  the  fame  direftion  ; it  is  then  tran- 
quil for  a fliort  time,  but  foon  the  conflict  becomes  more  violent, 
and  the  fphere  is  moved  towards  the  other  fide,  and  continues  to 
move  in  a fpiral  line.  When  the  water  begins  to  fail,  they  affume 
an  oblong,  oval,  or  a cylindric  figure  ; the  hind-part  of  fome  is 
eompreffed  into  a triangular  fhape,  and  the  tranfparent  part  ef- 
caping  as  it  were  from  the  inteflines*  which  continue  to  move 
with  the  fame  violence  till  the  water  fails,  when  the  molecules 
are  fpread  into  an  uninformed  mafs.  But  this  alfo  foon  vanifhes, 
when  they  fhoot  into  the  form  of  the  cryftals  of  fal  ammoniac, 
as  defcribed  by  Baker,  p.  3,  No.  3. 


147.  Leir- 
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147.  Leucophra  Mamilla. 

Leucophra  fphaerica,  opaca,  papilla  exfertili.  Spliserical  opake 
leucophra,  with  a fmall  papillary  projedlion. 

It  is  of  a dark  colour,  and  filled  with  globular  molecules,  the 
fhort  hairs  are  curved  inwards ; it  projefts,  and  draws  in  occa- 
fionally  a little  white  protuberance,  not  uncommon  in  marlhy 
water. 

148.  Leucophra  Virifcens. 

Leucophra  cylindracea,  opaca,  poftice  craffiore.  Cylindrical, 
opake  leucophra,  the  lower  part  much  thicker  than  the  upper 
part. 

This  is  a large,  pear  fhaped,  greenifh  coloured  animalculum, 
filled  with  opake  molecules,  and  covered  with  fhort  hairs,  gene- 
rally moving  in  a (trait  line.  Found  in  fait  water. 

349.  Leucophra  Viridis. 

Leucophra  ovalis  opaca.  Oval,  opake  leucophra. 

Though  at  firfl  fight  it  may  be  taken  for  a variety  of  the  leu- 
cophra virifcens,  yet  on  a further  examination,  it  dithers  in  many 
particulars  ; it  cannot  lengthen  and  fhorten  itfelf  in  the  fame 
manner  that  does.  It  is  alfo  much  fmaller.  Sometimes  it  is  feen 
to  be  contracted  in  the  middle,  as  if  it  was  going  to  be  divided 
in  two. 

150.  Leu- 
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150.  Leucophra  Burfata. 

Leucophra  viridis,  ovalis,  antice  truncata.  Green  oval  leu- 
cophra, the  fore-part  truncated. 

This  is  firailar  in  many  refpe&s  to  the  foregoing  leuco- 
phra, it  is  a long  oval,  bulging  in  the  middle,  filled  with  green 
molecules,  every  where  ciliated,  except  at  the  apex,  which  is 
truncated,  and  fomewhat  of  thefhape  of  a purfe  ; the  hairs  larger, 
and  fometimes  colle&ed  in  little  fafcicles.  It  is  to  be  found  in  fait 
water. 


15 1.  Leucophra  Poflhuma. 

Leucophra  globularis,  opaca,  reticulo  pellucenti.  Globular 
opake  leucophra,  covered  as  it  were  with  a pellucid  net. 

Was  found  in  foetid  fait  water. 

152.  Leucophra  Aurea. 

Leucophra  ovalis,  fulva,  utraque  extremitate  aequali  obtufus. 
Oval  yellow  leucophra,'  both  ends  of  it  equally  obtufe. 

The  little  hairs  are  with  difficulty  difcovered ; it  has,  in  general, 
a vehement  rotatory  motion. 


3 v 
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153.  Leucophra  Pertufa. 

* 

Leucophra  ovalis,  gelatinofa,  apice  truncato  obtufa,  altera 
latera  fuffofia.  Oval  gelatinous  leucophra,  the  apex  obtufely 
truncated,  one  hde  funk  down. 

Gelatinous,  yellow,  without  any  fmall  or  large  molecules ; the 
fore-part  truncated,  the  hind-part  brought  nearly  to  a point,  a 
kind  of  oval  hole  on  one  fide.  It  was  found  in  fait  water. 

154.  Leucophra  Fradla. 

Leucophra  elongata,  finuato  angulata  fubdeprelfa.  Leuco- 
phra long,  with  hnuated  angles,  rather  flat. 

The  body  is  white,  gelatinous,  granulated,  flat,  changing  it’s 
form  confiderably. 


133.  Leucophra  Dilatata. 

Leucophra  complanata,  mutabilis,  marginibus  fmuatis.  Smooth 
changeable  leucophra,  with  a hnuated  edge. 

A gelatinous  membrane,  with  a few  grey  molecules  in  the  fore- 
part, and  a great  number  in  the  hinder-part;  it  is  fometimes 
dilated  into  a triangular  form,  with  hnuated  Gdes  ; at  other  times 
the  fhape  is  more  irregular  and  oblong. 


156.  Leu* 
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•156.  Leucophra  Scintillans. 

Leucophra  ovalis,  teres,  opaca  viridis.  Oval,  round,  opake, 
green  leucophra. 

This  animalculum  is  fuppofed  to  be  ciliated,  from  it’s  bright 
twinkling  appearance,  which  probably  arifes  from  the  motion 
it  gives  the  water ; it  is  nearly  of  an  egg-lhapev  Was  found  in 
December  amoncr  the  lefier  lemnae. 

O 

157.  Leucophra  Veficulifera.  Fig.  41,  Plate  XXV. 

Leucophra  ovata,  interaneis  veficularibus.  Oval  leucophra, 
with  veficular  inteflines. 

An  animalculum  that  is  a kind  of  mean  between  the  orbicular 
and  oval,  very  pellucid,  with  a defined  dark  edge  and  infide, 
containing  Game  very  bright  veficles,  or  little  bladders.  The 
middle  often  appears  blue,  fo  that  the  little  bright  veficles  feem 
fet  in  a cerulean  fubflance.  Muller  could  never  perceive  any  of 
thofe  rays  which  are  mentioned  by  Spalanzani;  he  confefies, 
however,  that  he  once  faw  an  individual  like  this  environed  with 
very  fmall  unequal  fhining  rays. 

1 • 

158.  Leucophra  Globulifera. 

Leucophra  cryflallina,  ovato-oblonga.  Cryflalline  leucophra, 
of  an  oblong  oval  fhape. 
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The  body  is  round,  very  pellucid,  without  molecular  in- 
teftines,  though  at  one  edge  it  has  three  little  pellucid  globules  ; 
it  is  every-where  befet  with  fhort  hairs.  It  was  found  in  a ditch 
where  the  lemna  minor  grows. 

159.  Leucophra  Pudulata. 

Leucophra  ovato-oblonga,  poftice  oblique  truncata.  An  ob- 
long oval  leucophra,  the  lower  end  obliquely  truncated. 

The  body  is  white,  gelatinous,  fomewhat  granulated  ; the 
lower  part  is  truncated,  as  if  an  oblique  fedlion  was  made  in  an 
egg  near  the  bottom.  It  is  covered  with  little  (hining  eredl  hairs, 
at  the  lower  end  a few  bright  pudules  may  be  difcovered.  It  is 
found  in  marfhy  waters. 

160.  Leucophra  Turbinata. 

Leucophra  inverfe  conica,  fubopaca.  Leucophra  in  fhape 
like  an  inverted  cone,  and  rather  opake. 

It  is  a round  pellucid  body,  fomewhat  of  an  acorn  drape,  with 
a pellucid  globule  at  the  lower  end.  Was  found  in  (linking  fait 
water. 


161.  Leucophra  Acuta. 

'Leucophra  ovata,  teres,  apice  acuto,  mutabilis,  flavicans. 
Oval  leucophra,  round,  with  the  apex  acute,  mutable,  yellow. 


Gela- 
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Gelatinous,  mutable,  and  thick,  the  apex  bright,  the  reft  of 
the  body  crammed  with  an  innumerable  quantity  of  little  fphe- 
rules.  It  is  fometimes  drawn  up  into  an  orbicular  fhape,  at  other 
times  one  edge  is  finuated.  It  was  found  in  fait  water. 


162.  Leucophra  Notata. 

Leucophra  ovata,  teres,  pun&o  marginali  atro.  Oval  leuco- 
phra, round,  with  a black  point  at  the  edge. 


163.  Leucophra  Candida. 

Leucophra  hyalina,  oblonga,  altera  extremitate  attenuata, 
curvata.  Leucophra  of  a talcy  appearance,  oblong,  one  end 
fmaller  than  the  other,  and  bent  back. 

The  body  membranaceous,  flat,  very  white,  with  no  viftble  in- 
teftines,  if  we  except  two  oval  bodies  which  are  with  difficulty 
perceived;  the  whole  edge  is  ciliated.  Found  in  an  infufion  of 
fait  water. 


164.  Leucophra  Nodulata. 

Leucophra  ovato-oblonga,  depreffa,  ferie  nodulorum  duplici. 
An  oblong  oval  fpecies  of  leucophra,  with  a double  row  of  little 
nodules. 


165.  Leu- 
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165.  Leucophra  Signata. 

Leucophra  oblonga,  fubdepreffa.  Oblong  fubdeprefted  leu- 
■ cophra,  with  a black  margin,  filled  with  little  molecular  globules, 
but  more  particularly  diftinguifhed  by  a curved  line  in  the  mid- 
dle, fomething  in  the  fhape  of  a long  S ; one  end  of  this  is  at 
times  bent  into  a fmall  fpiral.  Common  in  fait  water,  in  the 
months  of  November  and  December. 

16 6.  Leucophra  Trigona. 

Leucophra  crafla,  obtufa,  angulata,  flava.  Thick,  obtufe,  an- 
gular, and  yellow  leucophra. 

A triangular  yellow  mafs,  filled  with  unequal  pellucid  veficles, 
one  of  which  is  much  larger  than  the  reft,  the  ' edge  furrounded 
with  little  fluftuating  hairs.  It  is  not  common.  Was  found  in 
a marfhy  fituation. 


167.  Leucophra  Fluida. 

Leucophra  fubreniformis,  ventricofa.  Leucophra  fomewhat 
of  a kidney  fnape,  but  ventricofe. 

168.  Leucophra  Fluxa. 

F’  Leucophra  finuata  reniformis.  Renifonn  linuated  leucophra. 

169.  Leu- 
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169.  Leucophra  Armilla. 

Leucophra  teres  annularis.  Round  annular  leucophra. 

170.  Leucophra  Cornuta.  Fig.  42  and  43,  Plate  XXV. 

Leucophra  inverfe  coniea,  viridis  opaca.  An  inverted  cone, 
green,  opake. 

It  bears  fome  refemblance  to  the  vorticella  polymorpha  and  the' 
vorticella  viridis,  and  requires  to  be  obferved  for  fome  time  be- 
fore it’s  peculiar  charadters  can  be  afcertained  ; the  body  com- 
pofed  of  molecular  vehicles,  of  a dark  green  colour  ; for  the  mod. 
part  it  is  like  an  inverted  cone,  the  fore-part  wide  and  truncated, 
with  a little  prominent  horn,  or  hook,  on  both  fides,  the  hind-  - 
part  being  conical,  every-where  ciliated, . the  hairs  exceeding 
minute  ; thofe  in  the  fore-part  are  three  times  longer  than  thefe, 
and  moving  in  a circular,  diredtion.  . The  hinder-part  is  pellucid, 
and  fometimes  terminates  in  two  or  three  obtufe  pellucid  pro- 
jections. The  animalculum  will  at  one  moment  appear  oval,  at 
another  reniform,  and  ciliated  on  the  fore-part ; at  another  time 
the  hairs  are  concealed.  When  the  water  evaporates,  it  breaks 
or  dilfolves  into  molecular  vehicles.  It  is  found  late  in  the  year 
in  marihy  grounds.  Fig.  42,  a the  hinder-part  pointed,  it  is 
obtufe  at  b,  Fig.  43,  e the  fore-part,  g the  cilia,  f the  horns* 
b the  fides. 
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171.  Leucophra  Heteroclita.  Eig.  44  and  45. 

Leucophra  cylindrica,  antice  obtufa,  poftice  organo  criflato 
•duplici  exfertili.  Cylindrical  leucophra,  the  fore-part  obtufe,  the 
hind-part  furnifhed  with  a double-tufted  organ,  which  it  can 
thruft  in  or  out  at  pleafure.  To  the  naked  eye  it  appears  as  a 
white  point,  in  the  microfcope  as  a cylindrical  body,  the  fore- 
part obtufely  round,  the  middle  rather  drawn  in,  the  lower  part 
round,  but  much  fmaller  than  the  upper  part.  With  a large 
magnifying  power  the  whole  body  is  found  to  be  ciliated.  The 
inteftines  are  very  vifible.  It  is  reprefented  in  Fig.  44  as  it  gene- 
rally appears,  in  Fig.  45  with  the  plumed  organs,  a the  fore- 
part, b the  hind-part,  d the  hooked  inteftines,  ii  the  plumes,  g g 
the  fheaths  from  which  they  are  projefted. 

XIII.  T r 1 c h o D A. 

Vermis  inconfpicuus,  pellucidus,  crinitus.  An  inviiibie,  pellu- 
cid, hairy  worm. 

172.  Trichoda  Grandinella. 

Trichoda  fphacrica,  pellucida,  fuperne  crinata.  Spherical, 
pellucid,  the  upper  part  hairy. 

A moft  minute  pellucid  globule,  the  inteftines  fcarce  vifible, 
the  top  of  it’s  furface  furnifhed  with  two,  three,  or  more  fhort 
briftles,  which  are  with  difficulty  feen,  the  animalculum  extending, 
6 and 
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and  then  withdrawing  them  in  an  inftant.  It  is  found  in  pure 
water,  and  in  infufions  of  vegetables. 

173.  Trichoda  Corneta.  Fig.  4 6 and  47,  Plate  XXV. 

Trichoda  fphaerica,  antice  crinita,  globulo  appendente.  Sphe- 
rical, the  fore-part  hairy,  with  an  appendant  globule. 

It  is  a pellucid  globule,  replete  with  bright  inteflines,  the  fore- 
part furnilhed  with  hairs,  the  hind-part  with  a pellucid  appendant 

globule. 

174.  Trichoda  Granata.  Fig.  48,  Plate  XXV. 

Trichoda  fphaerica,  centro  opaco,  peripheria  crinata.  Sphe- 
rical, with  an  opake  center,  the  periphery  hairy. 

' r • 

It  refembles  the  trichoda  grandinella  and  trichoda  cometa.  It 
has  a darkilh  nucleus  in  the  center  ; it’s  inteflines  are  impercepti- 
ble ; fliort  hairs  on  the  edge. 

175.  Trichoda  Trochus. 

Trichoda  fubpiriformis,  pellucida,  antice  utrinque  crinita. 
Trichoda  fomewhat  of  a pear-fhape,  pellucid,  each  fide  of  the 
fore-part  diltinguifhed  by  a little  bunch  of  hairs. 
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17 6.  Trichoda  Gyrinus. 

Trichoda  ovalis  teres  cryftallina,  antice  crinita.  Oval,  round, 
cryftalline  trichoda,  the  front  hairy.. 

It  is  one  of  the  fmalleft  among  the  trichoda,  the  body  fmooth 
and  free  from  hairs,  except  at  the  fore-part,  where  there  are  a 
few.  Found  in  fait  water. 

177.  Trichoda  Sol.,  Fig.  65  and  66,  Plate  XXV. 

Trichoda  globularis,  undique  radiata.  Globular  trichoda; 
every-where  radiated. 

This  fplendid  creature  conftitutes  a new  genus,  but  as  we  know 
of  no  more  of  the  fame  kind,  it  is  introduced  here.  It  is  a little 
cryftalline  round  corpufcle,  the  upper  part  convex  ; it  is  befet 
with  innumerable  diverging  rays,  which  are  longer  than  the 
body,  proceeding  from  every  part  of  it’s  furface : in  the  inftde  are 
fimilar  molecules.  The  body  eontrafls  and  dilates  itfelf,  the  anb 
malculum  remaining  confined  to  the  fame  fpot.  It  was  found  in 
water  in  which  there  were  other  infuforia,  and  which  had  been 
kept  for  three  weeks.  It  propagates  by  divifion,  and  is  repro* 
fented  as  dividing  in  Fig.  66, 

178,  Trichoda  Solaris,. 

Trichoda  fphaeroidea,  peripheria  crinita.  Spheroidal  trichoda, 
with  a few  hairs  round  the  circumference. 


The 


Microscopical  Essays. 


57* 


The  body  is  bright,  orbicular,  with  globular  vifcera  in  the 
middle  of  it ; in  many  a moveable  fubftance,  fomething  like  the 
letter  S,  may  be  difcovered ; it  has  feldom  more  than  feventeen 
hairs,  which  are  difpofed  round  the  circumference  ; each  of  them 
is  in  length  nearly  equal  to  the  diameter  of  the  animalculum. 

179.  Trichoda  Bomba.  Fig.  67  and  68. 

Trichoda  mutabilis,  antice  pilis  fparfis.  Changeable,  with  a 
few  hairs  difperfed  on  the  fore-part. 

_ ' * 1 

It  is  larger  than  the  trichoda  granata,  and  of  a yellow  colour ; 
it  is  a thick  animalculum,  pellucid,  and  replete  with  a kind  of 
clay  molecules ; it  is  very  lively,  moving  about  with  fo  much 
velocity  as  to  elude  the  fharpeft  fight  and  moft  pertinacious  ob- 
ferver,  fometimes  appearing  fpherical,  fometimes  reniform,  (kid- 
ney-fliaped)  fometimes  as  at  Fig.  67. 

180.  Trichoda  Orbis. 

Trichoda  orbicularis,  antice  emarginata  crinita.  Orbicular, 
the  fore- part  notched  and  hairy. 

It  in  fome  refpe&s  refembles  the  former,  but  is  larger  ; is  orbi- 
cular, fmooth,  and  pellucid,  a little  notched  in  the  fore-part ; 
the  hairs,  which  are  longer  than  ufual,  occupy  this  incifion,  the 
reft  of  the  margin  has  no  hairs ; the  whole  is  compofed  of  veficu- 
lar  molecules. 
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181.  Trichoda  Urnula.  Fig.  64. 

Trichoda  urceolaris,  antice  crinita.  This  trichoda  is  in  the 
form  of  a water  pitcher,  the  fore-part  hairy. 

A membranaceous  pellucid  animalculum,  the  hind-part  obtufe, 
the  middle  fomething  broader,  the  fore-part  truncated,  filled 
with  veficular  black  molecules ; the  hairs  in  the  fore-part  are: 
even  and  fhort.  It’s  motion  is  flow. 


182..  Trichoda  Diota.. 

Trichoda  urceolaris,  antice  anguftata,  ora  apicis  utrinque  erf- 
nita.  Pitcher-fhaped  trichoda,  the  fore-part  fmalleft,  each  edge, 
of  the  upper-part  of  the  mouth  hairy_ 

The  body  is  of  a clay  colour,  and  filled  with  molecules ; the 
lower  part  fpherical,  the  upper  part  cylindrical  and  truncated. 

183.  Trichoda  Horrida. 

Trichoda  fubconica  antice  latiufcula,  truncata  poftice  obtufaj 
fetis  radiantibus  cinfla.  Trichoda  fomewhat  of  a conical  form,, 
the  fore-part  rather  broad  and  truncated,  the  lower  part  obtufe,, 
the  body  covered  with  radiating  bridles. 
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184.  Trichoda  Urinarium. 

Trichoda  ovata,  roftro  breviflimo  crinito.  Egg-lhaped,  with 
a fliort  hairy  beak. 

185.  Trichoda  Semiluna. 

Trichoda  femiorbicularis,  antice  fubtus  crinita.  Semiorbicu- 
lar,  the  fore-part  hairy  underneath. 

A pellucid  fmooth  animalculum,.  refembling  the  figure  of  the 
moon  in  the  firft  quarter. 

186.  Trichoda  Trigona.  Fig.  63. 

Trichoda  convexa,  antice  ciliata,  pofiice  erofa.  Convex,  the 
fore-part  ciliated,  the  hind-part  as  it  were  gnawed  off. 

This  is  a triangular  animalculum,  a little  convex  on  both  fides, 
the  fore-part  acute,  the  hind-part  a little  broader.  A notch  is 
feen  at  a in  the  hind-part,  b the  ciliated  fore-part,  c a tube. 

187.  Trichoda  Tinea.. 

Trichoda  clavata*  antice  crinita,  pofiice  grofia.  This  is  club- 
bed, the  fore-part  hairy,  the  hind -part  large. 

This  animalculum  is  round,  not  very  pellucid,  refembling  an 
inverted  club,  narrow  before  ; it  is  alfo  like  forrie  of  the  tinea. 

v 188.  Tri- 
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188.  Triehoda  Nigra. 

Trichoda  ovalis  comprefla,  antice  Iatior  crinita.  Oval  cOm- 
prefied  trichoda,  the  fore-part  broader  and  hairy. 

The  body  is  opake,  when  in  violent  motion  it  is  black,  when 
at  reft  one  fide  is  pellucid -,  the  middle  of  the  fore-part  is  fur- 
nifhed  with  little  moveable  hairs.  It  was  found  in  fait  water. 

189.  Trichoda  Pubes.  Fig.  61  and  62. 

Trichoda  ovate- oblonga  gibba,  ant’ce  deprelfa.  An  egg - 
ffiaped  oblong  bunch,  fore-part  deprefied. 

An  animalculum  with  a bunch  above  the  hind-part,  marked 
with  black  fpots,  deprefted  towards  the  top,  a little  folded,  and 
fomewhat  convex  underneath ; at  leaf):  this  is  it’s  appearance 
when  in  motion.  Very  minute  hairs  occupy  the  apex,  but 
which  are  with  difficulty  feen,  except  when  it  is  in  the  agonies  of 
death,  it  then  ftretches  them  out  with  all  it’s  might  from  an  arch- 
ed chink  at  the  top,  moving  them  vehemently,  and  endeavouring 
as  it  were  to  draw  in  the  laft  drop  of  water.  Is  found  in  water 
where  the  duck-weed  grows,  moftly  in  December,  b the  hairs, 
c the  black  globules,  a the  projefling  bunch. 

190.  Trichoda  Floccus/ 

Trichoda  membranacea,  antice  fubconica,  papillis  tribus  crini- 
tis.  Membranaceous  trichoda,  the  fore-part  rather  conical,  three 
fmall  papillae  projeft  from  the  bafe,  which  are  fet  with  hairs. 

6 Tri- 
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lgi.  Trichoda  Sinuata. 

Trichoda  oblonga  deprelfa,  altero  margine  finuato  crinita, 
poitice  obtufa.  An  oblong  deprefled  trichoda,  one  margin  hol- 
low and  hairy,  the  lower  end  obtufe. 

The  inteftines  feem  to  be  more  lymphatic  than  molecular ; it  is 
of  a yellow  colour,  the  hollow  edge  is  that  which  is  ciliated.  It 
was  found  in  river  water. 


392.  Trichoda  Prseceps. 

Trichoda  membranacea,  fublunata,  medio  protuberante,  ex- 
trorfum  crinita.  Membranaceous  trichoda,  fomewhat  lunated, 
protuberant  in  the  middle,  a row  of  hairs  on  the  outfide. 

A pellucid  membrane,  the  fore-part  formed  into  a kind  of 
neck,  one  edge  rifes  into  a protuberance  like  a hump  back,  the 
other  edge  is  convex. 

193 • Trichoda  Proteus.  Fig.  56,  57,  58,  59,  60,  Plate  XXV. 

Trichoda  ovalis,  poftice  obtufa,  collo  elongata  retra&ile,  apice 
crinito.  Oval  trichoda,  the  lower  part  obtufe,  with  a long  neck, 
which  it  has  a power  of  contracting  or  extending. 

Baker's  Empl.  for  Micr.  p.  340,  348. 
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This  is  the  fame  animakulum  which  was  dignified  by  Mr. 
Baker  with  the  name  of  proteus,  on  account  of  it’s  affuming  a 
great  number  of  different  fhapes,  fo  as  fcarce  to  be  known  for  the 
fame  animal  in  it’s  various  transformations  ; and  indeed,  unlefs  it 
be  carefully  watched  while  pafling  from  one  fhape  to  another,  it 
will  often  become  fuddenly  invifible. 

When  water,  wherein  any  forts  of  vegetables  have  been  infu- 
fed,  or  animals  preferred,  has  flood  quietly  for  fome  days,  or 
weeks,  in  any  glafs  or  other  veffel,  a llimy  fubllance  will  be  col- 
lected about  the  fides,  fome  whereof  being  taken  up  with  the 
point  of  a penknife,  placed  on  a flip  of  glafs,  in  a drop  of  water, 
and  looked  at  through  the  tnicrofcope,  will  be  found  to  harbour 
feveral  kinds  of  little  animals  that  are  feldom  feen  fwimming 
about  at  large.  The  infeCt  we  are  treating  of  is  one  of  thefe,  and 
was  difeovered  in  fuch  flime-like  matter,  taken  from  the  fide  of  a 
glafsjar,  in  which  final!  fifhes,  water-fnails,  and  other  creatures 
had  been  kept.  It’s  body  in  fubllance  and  colour  refembled  a 
flail’s  ; the  fhape  thereof  was  fom-e what  elliptical,  but  pointed  at 
one  end,  whilfl  from  the  other  a long,  flender,  and  finely-pro- 
portioned neck  flretched  itfelf  out,  and  was  terminated  with  a 
head,  of  a fze  perfectly  fuitable  to  the  other  parts  of  the 
animal. 
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194.  Trichoda  Verfatilis. 

Trichoda  oblonga,  poftice  acuminata,  co!lo  retra&ili,  infra 
apicein  crinito.  Oblong  trichoda,  the  hind-part  acute,  with  a 
neck  that  it  can  extend  or  contract  at  pieafure,  the  under  part  of 
the  extremity  of  the  neck  hairy. 

It  refembles  in  fome  meafure  the  trichoda  proteus,  but  the 
neck  is  fhorter,  and  the  apex  lefs  fpherical,  the  hinder-part  of 
the  trunk  acute.  It  lives  in  the  fea. 

105.  Trichoda  Gibba.  Fig.  55. 

Trichoda  oblonga,  dorfo  gibbera,  ventre  excavata,  antice 
ciliata,  extremitatibus  obtuns.  Oblong  trichoda,  with  a bunch 
on  the  back,  the  belly  hollowed  out,  the  fore-part  ciliated,  both 
ends  obtufe. 

The  body  is  pellucid,  the  upper-part  fwelled  out,  within  it  are 
numerous  obfcure  molecules,  and  three  large  globules,  the  ends 
rather  incline  downwards  ; when  the  water  begins  to  fail,  a few 
minute  hairs  may  be  difcovered  about  the  head,  and  at  the  abdo- 
men ; the  body  then  becomes  ftriated  longitudinally. 

196.  Trichoda  Foeta. 

Trichoda  oblonga,  dorfo  protuberante,  antice  ciliata,  extremi- 
tatibus obtufis.  Oblong  trichoda,  with  the  back  protuberant, 
the  fore-part  ciliated,  both  ends  obtufe. 
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The  body  is  round  and  long,  and  when  extended  refembles  a 
rolling-pin  in  fhape,  with  the  ends  obtufe,  and  one  fhorter  than 
the  other ; it  can  draw  in  the  ends*  and  fwell  out  the  hides,  fo 
as  to  appear  almoft  fpherieal. 

197.  Trichoda  Patens.  Fig.  54. 

Trichoda  elongata,  teres,  antice  foveata,  fovse  marginibus 
ciliata.  This  trichoda  is  long,  round,  in  the  fore-part  it  has  a 
long  hole,  the  edges  of  which  are  ciliated. 

It  is  a long  cylindrical  animalculum,  filled  with  molecules,  the 
fore-part  bright  and  clear,  a long  opening  (a)  near  the  top,  which 
tapers  to  a point,  and  is  befet  with  hairs.  It  is  found  of 
different  lengths  in  fait  water. 

198.  Trichoda  Patula. 

Trichoda  ventricofa,  fubovata,  antice  canaliculata,  apice  & 
eanaliculo  crinito.  Ventricofe,  rather  inclining  towards  an  oval 
figure,  with  a fmall  tube  at  the  fore-part,  the  upper  end  of  the 
tube  befet  with  hairs." 

199.  Trichoda  Foveata.. 

Trichoda  oblonga,  latiufcula,  antice  corniculis  micantibus, 
poftice  mutica.  Oblong  trichoda,  rather  broad,  three  little 
horns  on  the  fore-part,  the  hinder-part  beardlefs. 

2CO.  Tri- 


Microscopical  Essays. 


579 


200.  Trichoda  Striata. 

Trichoda  oblonga,  altero  margine  curium,  fmuata  et  ciliata. 
utraqueextremitate  obtufa.  Oblong  trichoda,  one  edge  rather 
curved,  and  alfo  furnifhed  with  a row  of  hairs,  both  extremities 
obtufe. 

It  is  a fplendid  animalculum,  of  a fox  colour,  and  at  firft  fight 
might  be  taken  for  a kolpoda.  1 he  body  is  oblong,  the  lower 
end  is  the  larged,  the  body  becoming  fmaller  at  that  part  where 
the  hairs  commence  ; it  has  a fet  of  breaks  which  run  from  one 
end  to  the  other,  and  at  the  abdomen  a double  row  of  little  eggs, 
lying  in  a tranfverfe  dire&ion.  It  was  found  in  river  water  in 
December. 


201.  Trichoda  Uvula.  Fig.  53. 

Trichoda  planiufcula  elongata,  aequalis,  antice  crinita.  Rather 
flat  and  long,  of  an  equal  fize  throughout,  the  fore-part  hairy. 

This  animalculum  is  fix  times  longer  than  it  is  broad,  round, 
flexuons,  of  an  equal  fize,  the  greater  part  filled  with  obfeure 
molecules,  the  fore-part  (a)  rather  empty,  diftinguifhed  by  an 
alimentary  canal,  and  lucid  globules  near  the  middle  c ; fhort 
hairs  occupy  the  margin  of  the  fore-part,  fome  are  difperfed  into 
a chink  near  the  canal.  Found  in  an  infufion  of  hay,  &c. 
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202.  Trichoda  Aurantia. 

Trichoda  fubfinuata,  ovata,  antice  patula,  apice  ad  medium 
crinita.  Trichoda  fomewhat  fmuated,  oval,  the  fore-part  broad, 
the  apex  hairy  to  the  middle. 

It  is  of  a gold  colour,  pellucid,  and  filled  with  a variety  of 

vehicles. 


203.  Trichoda  Ignita. 

Trichoda  ovata,  apice  acuminata,  fubtus  fulcata,  fulco  crinito.- 
Oval  trichoda,  the  apex  rather  acute,  the  under  part  furrowed, 
the  furrows  hairy. 

It  is  of  a fine  purple  gold,  colour,  fomewhat  of  a reddifh  caft,, 
pellucid,  fplendid,  with  a number  of  different-fized  globules  ; the 
fore-part  fmall,  the  hind-part  obtufe,  and  having  a very  large 
opening,  which  runs  as  it  were  through  the  body. 

204.  Trichoda  Prifma. 

Trichoda  ovata,  fubtus  convexa,  fupra  in  carinam  compreffa, 
-antice  anguflior.  Oval  trichoda,  the  under  part  convex,  the  up- 
per part  compreffed  into  a kind  of  keel,  the  fore-part  fmall. 

It  is  very  fmall,  and  fo  tranfparent,  as  not  eafily  to  be  de- 
lineated ; no  hairs  could  be  obferved,  and  it’s  form  is  fingular. 

205.  Tri- 
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205.  Trichoda  Forceps. 

Trichoda  oval  is,  antice  forcipata,  cruribus  insequalibus  crini- 
lis.  Oval  trichoda,  with  a pair  of  forceps  at  the  fore-part,  with 
unequal  hairy  legs. 

A large  animalculum,  fomewhat  deprefled,  of  a pellucid  yel- 
low colour,  filled  with  molecules ; in  the  lower  part  there  is  a 
black  opake  globule,  the  fore-part  is  divided  into  long  lobes,  one 
of  thefe  in  the  fhape  of  a bill,  (falcifbrmis)  and  acute,  the  other 
is  dilated,  and  obliquely  truncated ; both  the  apex  and  the  edge 
of  thefe  are  furnifhed  with  hairs  of  different  lengths  ; it  can  open 
and  fhut  thefe  forceps,  and  crofs  them  at  pleafure ; by  this  motion 
it  fucks  in  the  water.  It  was  found  in  water  that  was  covered 
\Hth  lemna,  about  the  winter  folhice. 

20 5.  Trichoda  Forfex. 

Trichoda  ventrofa,  antice  forcipata,  poflice  papilla  duplici 
inftru&a.  Ventrofe  trichoda,  the  fore-part  formed  into  a kind  of 
forceps,  and  two  fmall  protuberances. 

One  of  the  forceps  of  this  animalculum  is  twice  as  long  as  the 
other,  hooked,  and  ciliated.  It  was  found  in  river  water. 

207.  Trichoda  Index. 

Trichoda  obovata,  margine  antico  fubtus  crinito,  alteroque 
apicis  in  degitum  produ&o.  Obovated  trichoda,  the  under  part 

of 


Microscopical  Essays. 


582 

of  the  front  margin  hairy,  the  apex  is  formed  by  the  fore-part, 
projefting  like  the  finger  on  a direftion-poft.  It  was  found  in 
fait  water. 

208.  Trichoda  S. 

Trichoda  flriata,  antice  ciliata,  extremitatibus  in  oppofitum 
flexis.  Striated  trichoda,  the  fore-part  ciliated,  the  extremities 
bent  in  oppofite  direftions. 

A yellow  animalculum,  formed  of  two  pellucid  membranes, 
filiated  longitudinally  ; the  lower  end  is  obliquely  truncated. 

209.  Trichoda  Navicula. 

Trichoda  triquetra,  antice  truncata  ciliata,  poflice  acuta  promi- 
nula.  Three-cornered  trichoda,  the  fore-part  truncated  and 
ciliated,  the  hind-part  acute,  and  bent  a little  upwards. 

It  is  cryflalline,  rather  broad,  the  under-fide  towards  the 
hinder-part  convex,  the  fore-part  broad,  the  apex  nearly  a flrait 
line,  the  bent  end  pointed  and  turned  upwards ; it  has  a kind  of 
longitudinal  keel  running  down  the  middle. 

210.  Trichoda  Succifa. 

Trichoda  ovalis  depreffa,  margine  crinito,  poflice  in  crura  in- 
aequalia  erofa.  Flattened  oval  trichoda,  the  edge  hairy,  the 
hinder-part  hollowed  out  fo  as  to  form  two  unequal  legs. 
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211.  Trichoda  Sulcata. 

Trichoda  ovato-ventricofa,  apice  acuminata,  fulco  ventrali, 
utrinque  crinito.  Ovated  ventricofe  trichoda,  the  apex  acute? 
a furrow  at  the  abdomen,  both  Tides  of  it  ciliated. 

212.  Trichoda  Anas.  Fig.  49. 

Trichoda  elongata,  apice  colli  fubtus  crinito.  Long,  the  apex 
of  the  neck  underneath  hairy. 

A fmooth  animalculum,  five  times  broader  than  it  is  long,  filled 
with  darkifh  molecules ; a bright  neck  b c,  under  the  top  of  the 
neck  at  d there  fhine  a few  unequal  hairs.  It’s  motions  are  lan- 
guid. It  is  found  in  pure  water. 

213.  Trichoda  Barbara. 

Trichoda  elongata,  teres,  fubtus  ab  apice  ad  medium  crinita 
Trichoda  long,  round,  the  under-part,  from  the  apex  to  the  mid- 
dle, hairy.  >■ 

This  animalculum  is  round,  fomewhat  linear,  both  ends  ob- 
tufe,  the  fore-part  narrower,  forming  as  it  were  a kind  of  neck  ; 
under  this  is  a row  of  flu6luating  hairs.  The  trunk  is  full  of  grey 
molecules. 
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214.  Trichoda  Farcimen.  Fig.  50  and  52,  Plate  XXV. 

Trichoda  elongata,  torulofa,  fetulis  cindla.  Long  and  thick 
trichoda,  furrounded  with  fmall  bridles. 

The  body  is  long,  round,  pellucid,  and  covered  with  very 
minute  hairs  ; it  has  alfo  about  the  body  a great  number  of 
mucid  veficles. 

215.  Trichoda  Crinita. 

Trichoda  elongata,  teres,  undique  ciliata,  fubtus  ad  medium 
ufque  crinita.  Long  trichoda,  round,  every-where  ciliated,  the 
under-part  alfo  hairy  as  far  as  the  middle. 

' \ 

216.  Trichoda  Angulus. 

Trichoda  angulata,  apice  crinita.  Angular,  the  apex  hairy. 

This  animalculum  is  long,  more  convex  than  mod  of  it’s  kind, 
divided,  by  a kind  ol  articulation,  into  two  parts,  of  equal 
breadth,  but  differing  in  length,  the  fore-part  fhorter  than  the 
hind-part,  the  apex  furnilhed  with  fhort  waving  hair,  indiflindh 
molecules  within-fide,  no  hair  on  the  hind-part. 

217.  Trichoda  Linter.  Fig.  51,  Plate  XXV. 

Trichoda  ovato  oblonga,  utraque  extremitate  prominula.  The 
fhape  of  an  oblong  egg,  with  prominencies  at  both  extremities. 
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Both  extremities  of  the  body  are  raifed,  fo  as  to  be  convex  at 
bottom,  the  upper  part  deprefled  like  a boat ; fometimes  the 
whole  body  whirls  about.  It  differs  from  itfelf  at  different  ages. 
Is  found  in  an  infufion  of  old  grafs. 

218.  Trichoda  Paxillus. 

Trichoda  linearis  deprefla,  antice  truncata  crinitaque,  poftice 
obtufa.  Linear  flat  trichoda,  the  fore-part  truncated  and  hairy, 
the  hinder-part  obtufe. 

A long  animalculum,  full  of  grey  molecules,  the  fore-part  ra- 
ther fmaller  than  the  hind-part,  and  furnifhed  with  minute  hairs. 
Was  found  in  fait  water. 

219,  Trichoda  Vermicularis.  Fig.  1,  Plate  XXVI. 

Trichoda  elongata,  cylindracea,  collo  brevi,  apice  crinito. 
Long  cylindrical  trichoda,  with  a fhort  neck,  the  apex  hairy. 

Gelatinous,  the  fore-part  pellucid,  the  hind-part  full  of  mole- 
cules. It  was  found  in  river  water.  It  is  reprefented  in  different 
appearances  in  the  figure,  a the  neck,  b the  hairs,  c a little 
vehicle  in  the  hinder-part. 

220.  Trichoda  M-elitea.  Fig.  2,  Plate  XXVI. 

r 

Trichoda  oblonga,  ciliata,  colli  dilatabilis,  apice  globofo,  pili- 
fero.  Oblong  ciliated  trichoda,  with  a dilatable  neck,  the  apex 
globular,  and  furrounded  with  hairs,  the  edge  is  ciliated,  and  a 
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kind  of  periftaltic  motion  may  be  perceived.  It  is  very  rarely 
found,  and  even  then  in  fait  water,  a the  neck,  b the  globular 
apex,  c the  body  ciliated. 

222.  Trichoda  Fimbriata.  Fig,  2,  Plate  XXVI. 

Trichoda  obovata,  apice  crinita,  poftice  oblique  truncata  fer- 
rata.  Obovated  trichoda,  the  apex  hairy,  the  hinder-part  ob- 
liquely truncated  and  ferrated. 

223.  Trichoda  Camelus* 

Trichoda  antice  crinita,  cralfiufcula  medio  utrinque  emarginata. 
Thick,  and  the  fore-part  hairy,  with  notches  on  the  middle  and 
each  fide. 

The  fore-part  of  the  body  is  ventricofe ; the  back  is  divided,  by 
an  incifion  in  the  middle,  into  two  tubercles,  the  lower  part  of  the 
belly  linuated.  Languid  in  it’s  motion.  Is  found,  though  not* 
often,  in  infufions  of  vegetables. 

224.  Trichoda  Augur. 

Trichoda  oblonga,  vertice  truncata,  antico  corporis  margine,. 
fuperne  pedata,  inferne  fetofa.  The  body  oblong,  depreffed, 
pellucid,  and  filled  with  molecules  ; the  vertex  truncated,  the 
fore-part  forming  a fmall  beak,  underneath  are  three  feet; 
beyond  thefe,  towards  the  hinder-part,  it  is  furnifhed  with  bridles. 

. 1 . 
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225.  Trichoda  Pupa. 

Trichoda  cucuilata,  fronte  crinita,  cauda  inflexa.  This  tri- 
choda is  hooded,  the  front  hairy,  the  tail  inflefled. 

At  firft  fight  it  refembles  the  pupa  of  the  gnat.  The  body  is 
rather  round,  pellucid,  and  may  be  defcribed  as  confiding  of 
three  parts ; the  head,  which  is  broad,  and  as  it  were  hooded, 
the  top  furnilhed  with  very  fmall  hairs,  a tranfparent  veficle  oc- 
cupies the  lower  region  of  the  head,  and  a certain  produftion 
hangs  over  the  bread  from  the  bafe  of  the  head,  refembling  the 
(heath  of  the  feet  in  the  pupa  of  the  gnat. 

226.  Trichoda  Lunar  is. 

Trichoda  arcuata,  teres,  apice  crinita,  cirro  caudali  inHexo. 
Arched  trichoda,  round,  the  apex  hairy,  the  tail  bent. 

This  animalculum  bends  itfelf  in  the  form  of  an  arch,  is  round 
and  crydalline,  the  hind-part  fomewhat  fmaller  than  the  fore- 
part ; the  intedines  are  with  difficulty  didinguifhed.  The  edge 
of  the  back,  and  the  part  near  the  tail,  are  bright  and  clear. 

227.  Trichoda  Bilunis. 

Trichoda  arcuata,  depreda,  apice  crinita,  cauda  bifeta.  Arch- 
ed dattened  trichoda,  the  apex  hairy,  two  little  bridles  proceed- 
ing from  the  tail. 
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228.  Trichoda  Rattus.  Fig.  4,  Plate  XXVI. 

Trichoda  oblonga,  carinata,  antice  crinita,  poftice  feta  Ion- 
giffima.  Oblong  trichoda,  with  a kind  of  keel,  the  fore-part, 
hairy,  a very  long  bridle  proceeding  from  the  hinder-part,  a 
the  mouth,  b a fmall.knob  at  the  bending  of  the  tail,  c the  taiL 

2 2 9*  T richoda  • Tigris.. 

Trichoda  fubcylindrica,  elongata,  apice  crinita,  cauda  fetis. 
duabus  longis.  This  trichoda  is  long,  and  fomewhat  cylindrical^ 
the  apex  hairy,  the  tail  divided  into  two  long  bridles. , 

It  differs  from  the  preceding  in  two  particulars ; fird,  that  of  the 
tail ; fecond,  in  a kind  of  incifion  in  the  body,  at  fome  little 
didance  from  the  apex. 

230.  Trichoda  Pocillum.  Fig.  5 and  6,  Plate  XXVI. 

Trichoda  oblonga,  antice  trimcata,  crinita,.  cauda  articulata, 
bifeta.  Oblong  trichoda,  the  fore-part  truncated  and  hairy,  the 
tail  articulated,  and  divided  into  two  bridles. 

The  body  is  cylindrical,  pellucid,  mufcular,  capable  of  being 
folded  up,  feems  as  if  it  were  formed  of  two ; the  interior  one, 
which  is  filled  with  molecules,  has  alfo  an  orbicular  mufcular  ap- 
pendage, which  it  can  Ihut  and  open,  and  that  forms  the  mouth. 
The  exterior  one  js  membranaceous,  dilated,  pellucid,  and 

marked  with  tranfverfe  dreaks ; the  animalculum  can  protrude 

or 
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or  draw  in  the  orbicular  membrane  at  pleafure.  In  Tome  there 
are  four  articulations  to  the  tail,  in  others  five ; it  has  two  pair 
of  bridles,  or  proje&ing  parts,  one  placed  at  the  fecond  joint, 
the  other  at  the  lad.  It  has  been  found  very  often  in  mardiy 
waters.  In  Fig.  6 it  is  feen  with  the  mouth  open,  in  Fig.  5 with 
it  fhut,  a the  jaws,  b the  fird  bridles,  c the  fecond  pair,  d the 
{pine  at  the  tail. 


23 1-.  Trichoda  Clavus, 

Trichoda  antice  rotundata,  crinita  podice  acuminato-caudata. 
The  fore-part  round  and  hairy,  the  hind-part  furnifhed  with  a 
fharp-tail.  This  animalculum  is  not  much  unlike  in  diape  to  a 
common  nail*. 


232.  Trichoda -Comuta*. 

Trichoda  fupra  convex  a,  fubtus  plana,  apice  crinita,  cauda 
lineari  fimplici.  Trichoda  with  the  upper  part  convex,  the  un- 
der fide  plain,  the  apex  hairy,  the  tail  linear  and  Ample. 

To  thefe  chara&ers  we  may  add,  that  the  body  is  membrana- 
ceous, elliptical,  crammed  with  molecules,  the  fore-part  lunated, . 
the  hinder-part  round,  and  terminated  with  a tail  as  long  as  the 
body. 


233.  Tri- 
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233.  Trichoda  Gallina. 

Trichoda  elongata,  antice  finuata,  fronte  crinita,  cauda  pilofa. 
Long  trichoda,  the  fore-part  finuated,  the  front  hairy,  the  tail 
formed  of  fmall  hairs. 

The  body  flat,  of  a grey  colour,  "with  feren  large  molecules 
and  globules  within  it,  the  front  obtufe,  and  fet  with  hairs,  the 
hinder-part  terminating  in  a tail,  which  is  formed  of  very  fine 
hairs.  It  was  found  in  river  water. 

234.  Trichoda  Mufculus.  Fig.  7,  Plate  XXVI. 

Trichoda  oval  is  antice  crinita,  poflice  fubtus  caudata.  Egg- 
fhaped,  the  fore -part  hairy,  the  tail  projedling  from  the  under- 
part. 

A frnooth  egg- fhaped  animalculum,  with  a double  margin,  or 
line,  drawn  underneath  it,  the  fore  part  narrow,  and  lurniflied 
with  fhort  hairs  that  are  continually  playing  about ; underneath 
the  hind-part  is  a fmall  tail.  It  is  furnifned  with  molecular  en- 
trails, and  moves  (lowly.  Is  found  in  infufions  of  hay,  which 
have  been  kept  for  fome  months,  a the  head,  i)  the  tail. 

.235.  Trichoda  Delphis. 

Trichoda  clavata,  fronte  crinita,  cauda  acuminata,  fubreflexa# 
Clubbed  trichoda,  the  front  hairy,  the  tail  fmall,  and  rather  bent 
upwards. 
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It  is  fmooth  and  pellucid,  the  fore-part  dilated  into  a femi- 
circle,  decreafing  in  breadth  towards  the  tail ; the  hairs  hand  as 
rays  from  the  femicircular  edge  at  the  front,  one  edge  is  fome- 
times  contra&ed.  It  is  to  be  found  in  river  water. 

236.  Trichoda  Delphinus.  Fig.  8,  Plate  XXVI. 

Trichoda  oblonga,  antice  crinita,  poftice  cauda  reflexa  trun- 
cata.  Oblong,  the  fore-part  hairy,  in  the  hind-part  is  the  tail, 
which  is  turned  back,  the  end  of  it  truncated. 

A pellucid,  fmooth,  egg-fhaped  animalculum  5 the  hind-part 
is  produced  into  a tail  about  half  the  length  of  the  body,  dilated', 
at  the  upper  end,  and  truncated  ; it  is  always  bent  upwards. 

In  the  infide  are  veficles  of  an  unequal  fize;  it  fometimes 
moves  on  it’s  belly,  fometimes  on  one  fide  ; the  tail  feldom  varies 
in  it’s  pofition.  Was  found  in  hay  that  had  been  infufed  for 
fome  months,  a the  hairs  on  the  fore-part,  b the  taih- 

237.  Trichoda  Clava. 

Trichoda  clavata,  fronte  crinita,  cauda  reflexili.  The  club 
trichoda,  the  fore-part  hairy,  the  tail  turned  back. 

The  fore-part  is  thick,  the  hind-part  narrow,  both  extremities 
obtufe,  pellucid  and  replete  with  molecules,  the  hind-part  bent 
downwards  towards  the  middle. 


238.  Trb 
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238.  Trichoda  Cuniculus. 

Trichoda  oblonga,  antice  crinita,  poftice  fubacuminata. 
'Oblong,  the  fore-part  hairy,  the  hind-part  rather  acute,  filled 
with  molecules  and  black  veficles. 

239.  Trichoda  Felis.  Fig.  9,  Plate  XXVI. 

Trichoda  curvata,  grofla,  antice  anguftior,  poftice  in  caudam 
attenuata,  fubtus  longitudinaliter  crinita.  Curved  trichoda,  large, 
the  fore-part  fmall,  the  hinder-part  gradually  diminiftied  fo  as  to 
form  a tail,  the  under-fide  befet  longitudinally  with  hairs,  a the 
head,  b the  tail,  c the  hairs. 

240.  Trichoda  Pifcis.  Fig.  13  and  14,  Plate  XXVI. 

Trichoda  oblongata,  antice  crinita,  poftice  in  caudam  exqui- 
fitam  attenuata.  Oblong,  the  fore-part  hairy,  the  hind-part  ter- 
minating in  a very  Tender  tail.  Smooth  and  pellucid,  much 
longer  than  it  is  broad,  but  of  nearly  an  equal  breadth  through- 
out, filled  with  yellow  molecules,  the  fore-part  obtufe,  the  hind- 
part  exquifitely  (lender  and  tranfparent,  the  upper  fide  is  convex, 
a the  fore-part,  b the  tail. 

241.  Trichoda  Larus. 

Trichoda  elongata,  teres,  crinita,  cufpidi  caudali  duplici. 
Long  round  trichoda,  befet  with  hairs,  the  tail  divided  into  two 
points.  See  Zoologia  Danica. 


242.  Tri- 
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2 ]2.  Trichoda  Longicauda.  Fig.  lo,  Plate  XXVI. 

Trichoda  cylindracea,  antice  truncata  et  crinita,  cauda  elon- 
gata,  biarticulata  & bifeta.  Cylindrical  trichoda,  the  fore-part 
truncated  and  fet  with  hairs,  the  tail  long,  with  two  joints,  and 
terminated  by  two  bridles,  a the  hairs  at  the  mouth,  d the  oefo- 
phagus,  c the  articulation  of  the  tail,  f the  bridles. 

243.  Trichoda  Fixa. 

Trichoda  fphacrica,  peripheria  crinita,  pedicello  folitario. 
Spherical  trichoda,  the  circumference  fet  with  hairs,  and  a little 
folitary  pedicle  projecting  from  the  body. 

244.  Trichoda  Inquilinus. 

Trichoda  vaginata,  folliculo  cylindrico  hyalino,  pedicello  in- 
tra  folliculum  retortili.  Sheathed  trichoda,  in  a cylindrical 
tranfparent  bag,  and  a little  pedicle  bent  back  within  the  bag. 
See  Zool.  Dan.  prodr.  addend,  p.  281. 

245.  Trichoda  Ingenita. 

Trichoda  vaginata,  folliculo  depreda,  bad  latiore  fedilis. 
Sheathed  trichoda,  the  bag  depred'ed,  the  bafe  broaded. 

The  animalculum  that  is  contained  in  this  Oieath  is  funnel- 
fliaped ; a hair,  or  hairs,  may  be  perceived  on  each  fide  of  the 
mouth  of  the  funnel.  It  can  extend  or  contraCt  itfelf  freely  in 
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the  bag,  without  even  touching  the  Tides,  the  tail  reding  on  the 
baTe  thereof.  It  was  found  in  fait  water. 

246.  Trichoda  Innata.  Fig.  11,  Plate  XXVI. 

Trichoda  vaginata,  folliculo  cylindrico,  pedicello  extra  folli- 
culum.  Sheathed  trichoda,  with  a cylindrical  bag,  the  pedicle 
pahing  through  and  projecting  beyond  the  bag.  Thefe  characters 
diftinguifh  it  fufficiently  from  the  preceding  one.  b the  animal- 
culum  in  the  fheath,  d the  tail. 

247.  Trichoda  Transfuga. 

Trichoda  Iatiufcula,  antlce  crinita,  poftice  fetofa,  altero  latere 
finuata,  altero  mucronata.  Broad  trichoda,  the  fore-part  hairy, 
the  hinder-part  full  of  bridles,  one  fide  finuated,  the  other  point- 
ed. See  Zool.  Dan.  prod,  addend,  p.281. 

248.  Trichoda  Ciliata.. 

Trichoda  ventricofa,  poftice  crinibus  peCtinata.  See  Zool. 
Dan.  Icon.  tab.  73,  Fig.  13,  15. 

249.  Trichoda  Bulla.. 

Trichoda  membranacea,  lateribus  inflexis,  antice  & poftice 
crinita.  Membranaceous  trichoda,  the  Tides  bent  inwards,  the 
fore  and  hind-part  are  both  furnifhecl  with  hairs;  it  differs  only 
by  the  lad  circumftance  from  the  burfaria  bulla. 

250.  Tri- 
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2r\0.  Trichoda  Pellionella. 

U % 

Trichoda  cylindracea,  antice  crinita,  podice  fetofa.  Cylindri- 
cal, the  fore-part  hairy,  the  hinder-part  furnifhed  with  bridles. 

This  trichoda  is  rather  thick  in  the  middle,  pellucid,  with  a 
few  molecules  here  and  there,  the  fides  obtufe,  the  fore-part 
ciliated,  the  hairs  very  fine,  the  hind-part  terminating  in  a kind 
of  bridles. 

251.  Trichoda  Cyllidium.  Fig.  15,  Plate  XXVI. 

Trichoda  ovata,  apice  hiante,  bafique  crinita.  Egg-fhaped, 
the  apex  gaping,  the  bafe  hairy. 

Pellucid,  replete  with  globules  of  different  fizes,  in  the  hind- 
extremity  ; the  fore-part  narrower,  without  any  footdeps  of  an 
external  organ.  It  vacillates  upon  the  edge,  commonly  ad- 
vancing on  it’s  flat  fide,  continually  drawing  up  water;  it  then 
gapes,  opens  into  a very  acute  angle,  almodtothe  middle  of  the 
body.  It  is  difficult  to  be  perceived,  as  it  effedfs  this  in  an 
indant.  a the  mouth,  b the  hairs  or  bridles,  which  it  extends 
when  in  agonies. 


252.  Trichoda  Curfor. 

Trichoda  ovata,  antice  crinita,  podice  duplici  pilorum  dridfo- 
rum  & curvorum  fafciculo.  Oval  trichoda,  the  fore-part  hairy, 
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the  hinder- part  furnifhed  with  two  fafcicles  of  flrait  and  curved 
hairs. 

The  body  flat,  and  filled  with  molecules ; in  the  fore -part 
there  is  an  oblong  empty  fpace,  into  which,  under  certain  cir- 
cumflances,  we  may  fee  the  water  as  it  were  fucked  in. 

25,3.  Trichoda  Pulex.  Fig.  12,  Plate  XXVI. 

Trichoda  ovata,  antice  incifa,  fronte  & bafi  crinita.  Egg- 
fliaped,  with  an  incifion  in  the  fore-part,  the  front  and  the  bafe 
hairy,  a the  anterior,  b the  pofterior  part,  c the  incifion. 

254.  Trichoda  Lynceus.  Fig.  16,  Plate  XXVI. 

Trichoda  fubquadrata,  roflro  adunco,  ore  crinito.  Nearly 
fquare,  with  a crooked  beak,  the  mouth  hairy. 

At  firft  fight  it  does  not  appear  very  diflimilar  to  fome  of  the 
monoculi.  The  body  is  membranaceous,  and  as  it  were  com- 
prefled,  being  broad  without  thicknefs,  flretched  out  into  a beak 
above,  the  lower  part  truncated  ; under  the  beak  is  a little  bun- 
dle of  hairs,  the  lower  edge  bends  in  and  out,  and  is  girt  round 
with  a few  bridles.  The  intellines  are  beautifully  vifible,  a frnall 
bent  tube  goes  from  the  mouth  to  the  inteftines  in  the  middle  of 
the  body ; thefe,  as  well  as  the  tube,  are  in  frequent  agitation ; 
another  tube  is  alfo  perceivable  between  the  fore  and  hind  edge. 
It  is  filled  with  a blue  liquor,  a the  beak,  b the  mouth,  c the 
bafe. 

252.  Tri- 
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255.  Trichoda  Erofa. 

f * I \ 

Trichoda  orbicularis,  antice  emarginata,  alterO  latere  crinita, 
podice  fetofa.  Orbicular  trichoda,  the  fore- part  notched,  one 
fide  fet  with  hairs,  the  hinder-part  with  bridles. 


256.  Trichoda  Rodrata. 

Trichoda  depreda,  mutabilis,  davefcens,  ciliis  longis  fetifque 
pediformibus.  Depreded  trichoda,  mutable,  yellow,  with  long 
ciliated  hairs,  and  feet  tapering  to  a point. 

The  body  depreded.  both  the  feet  and  hairs  are  within  the 
margin,  the  feet  are  four  in  number,  one  of  them  is  longer  than 
the  red.  The  figure  of  the  body  is  for  the  mod  part  fomewhat 
triangular,  the  apex  formed  into  a kind  of  obtufe  beak  ; the  beak 
is  fometimes  drawn  in  fo  that  the  anima^ulum  then  appears  alto- 
gether orbicular.  Found  in  water  where  duck- weed  has  been 
kept. 

257.  Trichoda  Lagena.' 

Trichoda  teres,  ventricofa,  rodro  produffa,  podice  fetofa. 
Round  ventricofe  trichoda,  with  a long  neck,  the  lower  end  fet 
with  bridles. 


258.  Tri- 
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258.  Trichoda  Charon.  Fig.  17  and  18,  Plate  XXVI. 

Trichoda  cymbiformis  fulcata,  antice  et  poflice  crinita.  Boat- 
fhaped  trichoda  with  furrows,  the  fore  and  hind-parts  both 

The  body  is  oval ; it  refembles  a boat  both  in  lhape  and  mo- 
tion, the  upper  part  hollowed,  the  under  part  furrowed  and  con- 
vex, the  hern  round,  with  feveral  hairs  projecting  from  it. 
Several  hairs  mayalfo  be  feen  on  one  fide.  Was  found  in  fait 
water,  a the  head,  b the  tail  ; d,  Fig.  18,  a pellucid  bubble 
that  is  fometimes  to  be  perceived. 

2^9.  Trichoda  Cimex.  Fig.  19,  Plate  XXXI. 

Trichoda  ovalis,  marginibus  lucidis,  antice  et  poflice  crinita. 
Oval  trichoda,  with  a lucid  margin,  both  the  fore  and  hind-part 
hairy. 

* 

It  is  about  the  fize  of  the  trichoda  lynceus,  an  oval  body,  the 
back  convex,  the  belly  flat,  an  incifion  in  the  edge  of  the  fore- 
part ; the  edges  of  this  incifion  are  feen  to  move.  It  s inteffines 
are  pellucid  and  ill-defined. 

It  both  fwims  and  walks.  When  it  meets  with  any  obftacles, 
fourfmall  bridles,  which  are  fixed  underneath,  come  into  view; 
thefe  it  ufes  as  feet,  a the  hairs  in  the  fore-part,  b the  briftles  at 
the  hind-part,  d the  back,  e two  fmall  projecting  hairs. 


260.  Tri- 
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260.  Trichoda  Cicada. 

Trichoda  ovalis,  marginibus  obfcuris,  antice  8c  fubtus  crinita, 
poftice  mutica.  Oval  trichoda,  with  an  obfcure  margin,  the 
fore-part  underneath  fet  with  hairs,  the  hinder-parts  beardlefs. 

It  does  not  differ  confiderably  from  the  preceding,  though  M. 
Muller  has  pointed  out  fome  fhades  by  which  they  may  be  dif- 
criminated. 


XIV.  K e r o n a. 

Vermis  inconfpicuus  corniculatus.  An  invifible  worm  with 
horns. 


261.  Kerona  Raftellum. 

Kerona  orbicularis  membranacea,  nafuta,  ,corniculis  in  tota 
pagina.  Membranaceous  orbicular  kerona,  with  one  projefting 
point,  the  upper  furface  covered  with  fmall  horns.  There  are 
three  rows  of  horns  on  the  back,  which  nearly  occupy  the  whole 
of  it.  It  was  found  in  river  water. 


262'.  Ke- 
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262.  Kerona  Lyncafter. 

Kerona  fubquadrata.  roflro  obtufo,  difco  corniculis  micanti- 
bus.  This  fpecies  of  kerona  is  rather  fquare,  the  difc  furnifhed 
with  fhining  horns.  See  Zool.  Dan.  prod.  add.  p.281. 

2 63.  Kerona  Hidrio.  Fig.  20,  Plate  XXVI. 

Kerona  oblonga,  antice  pundlis  mucronatis  nigris,  podice  pin- 
nulis  longitudinalibus,  indrudla. 

It  is  an  oblong  membrane,  pellucid,  with  four  or  five  black 
points  in  the  fore-part,  which  are  continually  changing  their  fitu- 
ation,  thick  fet  with  fmall  globules  in  the  middle,  among  which 
four  larger  ones  are  fometimes  perceived,  thefe  are  probably 
eggs ; in  the  middle  fpace  of  the  hind-part  are  fome  longitudinal 
firokes  refembling  bridles ; they  do  not  feem  to  project  beyond 
the  body,  b the  horns,  c fome  hairs,  d a folitary  horn,  e a large 
globule,  f fome  bridles. 

264.  Kerona  Cypris.  Fig.  21,  Plate  XXVI. 

Trichoda  obovata,  verfus  podica  fuperne  finuata,  antice  crinita. 
Egg-fiiaped,  towards  the  hind-part  finuated,  the  fore-part  hairy. 

This  animalculum  is  comprefled,  and  fomethingin  a pear-diape, 
the  fore-part  broad  and  blunt,  the  front  is  furnifiied  with  Ihort 
hairs  a,  or  little  vibrating  points  inferted  under  the  edge,  Ihorter 
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in  the  hind-part,  partly  extended  drait,  partly  bent  down;  the 
motion  is  retrograde.  It  is  found  in  water  which  is  covered  with 
lemna, 

265.  Kerona  Haudrum. 

Kerona  orbiculata,  corniculis  mediis,  antice  membranacea 
ciliata,  podice  fetofa.  Orbicular  kerona,  the  horns  in  the  middle, 
the  fore  part  membranaceous  and  ciliated,  at  the  hinder-part 
there  are  feveral  bridles. 

26 6.  Kerona  Haudellum. 

Differs  from  the  preceding  only  in  having  the  hinder-part  with- 
out any  bridles. 

267.  Kerona  Patella.  Fig.  22  and  23,  Plate  XXVI. 

Kerona  univalvis,  antice  emarginata  corniculata,  podice  fetis 
Oexilibus  pendulis.  With  one  valve,  orbicular,  crydalline,  the 
fore-part  fomewhat  notched,  the  defhy  body  lies  in  the  middle  of 
the  {hell ; above  and  below  are  hairs,  or  horns,  of  different 
lengths,  jutting  out  beyond  the  (hell,  and  aiding  indead  of  feet 
and  oars,  fome  of  which  are  bent ; the  fuperior  ones  conditute  a 
double  tranfverfe  row.  a the  fore-part,  b the  horns,  d a lunated 
figure  in  the  {hell,  c a pulpous  body,  f bridles  at  the  hinder- 
part. 
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268.  Kerona  Vannus. 

Kerona  ovalis,  fubdepreffa,  margine  altero  flexo,  oppofito  cili- 
ato,  corniculis  anticis,  fetifque  pofticis.  Oval  and  rather  flat 
kerona,  one  edge  bent,  the  oppohte  edge  ciliated,  the  front  fur- 

niflied  with  horns,  the  hinder-part  with  bridles. 
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269.  Kerona  Pullafter.  Fig.  24  and  25,  Plate  XXVI. 

Kerona  ovata,  antice  finuata,  fronte  creflata,  baft  crinita. 
Oval,  the  fore-part  finuated,  a creft  on  the  front,  the  bafe  hairy. 

It  agrees  with  the  trichoda  pulex  in  many  particulars,  but  the 
upper  part  is  pellucid,  without  any  black  molecules,  the  front 
truncated,  the  whole  fuperficies  of  the  head  covered  with  hair, 
and  the  fore  part  fmuous.  a the  horns,  b the  hairs  at  the  hinder- 
part,  c the  cilia  of  the  front. 

270.  Kerona  Mytillus.  Fig.  20,  Plate  XXVI. 

Kerona  fubclavata,  utraque  extremitate  latiori,  hyalina  eiliata. 
Rather  clubbed,  broad  at  both  extremities,  clear  and  ciliated. 

A large  animalculum,  the  fore  and  hind-part  rounded,  very 
pellucid  and  white,  dark  in  the  middle,  with  black  inteflines,  in- 
termixed with  a few  pellucid  vehicles.  Both  extremities  feem  as 
it  were  compofed  of  two  thin  plate's.  The  fore-part  is  ciliated, 
the  hairs  fhort,  lying  within  the  margin ; it  is  alfo  ornamented 

with 
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with  two  little  horns,  creeled  from  an  obfeure  mafs ; with  thefe  it 
agitates  the  water,  forming  a Iktle  whirlpool.  The  hind-part  is 
ciliated,  and  furnifhed  with  two  briftles,  that  ftretch  out  beyond 
the  margin,  a the  horns,  b the  fore-part  ciliated,  c the  hind- 
part,  d proje&ing  bridles. 


271.  Kerona  Lepus. 


Kerona  ovata,  apice  crinito,  baft  fetofa.  Egg-fhaped,  the 
fore-part  hairy,  the  bafe  furniflied  with  briftles. 

The  body  is  egg-fhaped,  compreffed,  pellucid,  crowned  with 
ihort  waving  hairs,  the  bafe  terminating  with  briftles. 


272.  Kerona  Silurus. 


Kerona  oblonga,  antice  & poftice  crinita,  dorl'o  ciliato.  Ob- 
long, the  fore  and  hind-part  hairy,  the  back  ciliated. 

An  oval  fmooth  animalculum,  fomething  crooked  and  opake, 
a fafcicle  of  vibrating  hair  on  the  fore-part;  the  hind-part,  or 
fharp  tail,  furnifhed  with  unequal  moveable  rows  of  hairs,  the 
back  is  alfo  ciliated  ; thefe  hairs  produce  a rotatory  motion,  in 
the  infide  are  fome  unequal,  lucid,  opake  points.  The  figure 
varies  from  oval  to  oblong,  the  filaments  of  the  conferva  are 
often  entangled  in  the  tail. 
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273.  Kerona  Calvitium. 

Kerona  latiufcula,  oblonga,  antice  corniculis  micantibus.  Ra- 
ther broad,  oblong,  with  glittering  horns  on  the  fore-part. 

The  body  is  rather  broad  and  flat,  both  Tides  obtufe,  filled 
with  black  molecules,  and  more  particularly  a dark  fpot  near  the 
hinder-part ; the  interjacent  veficles  are  pellucid,  no  hairs  on  the 
fore-part,  but  inftead  thereof  two  little  moveable  horns,  and  from 
three  to  five  moveable  black  points>  a few  fhort  brifiles  at  the 
hind-part.  Found  in  the  infufions  of  vegetables. 

274.  Kerona  Puftulluata. 

Kerona  ovalis  convexa,  poftice  altero  margine  finuata,  utraque 
extremitate  crinita,  corniculifque  anticis.  Oval  convex  kerona, 
one  edge  of  the  hinder-part  finuated,  both  ends  fet  with  hairs, 
o and  fome  horns  placed  on  the  fore-part. 

This  animalculum  was  found  in  fait  water. 

XV.  H 1 m a n.  t o p u s. 

Vermis  mconfpicuus,  pellucidus,  cirratus.  A pellucid,  invi- 
fible,  cirrated  * worm. 

275.  Hi- 


* Thai  is,  furniflied  with  a tuft  or  lock  of  hair. 
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275.  Himantopus  Acarus.  Fig.  27,  Plate  XXVI. 

Himantopus  ventrofus,  poftice  cirratus,  antice  acuminatus, 
Ventrofe  himantopus,  the  hinder-part  cirrated,  the  fore- part 
lharp. 

It  is  a lively,  conical,  ventricofe  animalculum,  full  of  black 
molecules,  the  fore-part  bright  and  tranfparent.  The  apex  is 
more  or  Iefs  attenuated,  at  the  will  of  the  little  creature,  with 
rows  of  long,  hairs,  like  fo  many  rays  underneath ; four  locks  of 
hair,  or  feet,  long  and  crooked,  proceed  from  the  belly ; it  is 
continually  moving  thefe  and  the  other  hairs  in  various  direc- 
tions, it  has  the  fame  circular  motion  in  the  fame  place.  It  is 
found,  though  feldom,  where  there  is  lemna.  a the  apex,  b the 
ciliated  part,  c the  feet* . 


276.  Himantopus  Ludio.  Fig.  26,  Plate  XXVI. 

Himantopus  cirrata,  fupra  crinita,  cauda  furfum  extenfa. 
Curled  himantopus,  the  upper  part  hairy,  the  tail  extended  upr 
wards. 

This  is  a lively  and  diverting  animalculum,  fmooth,  pellucid, 
full  of  little  points,  the  fore-part  clubbed,  and  a little  bent,  the 
hind-part  narrow,  the  bafe  obliquely  truncated,  terminating  in  a 
tail  flretched  out  tranfverfely.  The  top  of  the  head,  and  the  mid- 
dle of  the  back  b,  furnilhed  with  long  vibrating  hairs ; from  the 

fide 
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fide  of  the  head  hang  three  moveable  and  flexible  curls  a,  diflant 
from  each  other.  When  the  animalculum  is  in  motion,  the  tail 
is  drawn  tight,  and  extended  upwards,  and  often  appears  as  if  it 
was  cleft.  It  is  curled  up  when  the  little  creature  is  at  ref. 

277.  Himantopus  Sannio. 

Himantopus  incurvata,  fupra  ciliata,  infra  crinita.  Crooked 
himantopus,  the  upper  part  ciliated,  the  under  part  hairy. 

It  is  very  much  like  the  himantopus  ludio,  the  cilia  are  longer 
than  the  hairs,  and  are  continually  vibrating ; it  has  alfo  two 
moveable  curls  hanging  on  both  fdes  the  head.  Is  found  but 
feldom,  and  then  generally  in  water  where  the  lemna  vegetates. 

279.  Himantopus  Volutator. 

Himantopus  lunatus,  antice  cirratus.  Lunated  himantopus, 
the  fore -part  hairy. 

A very  lively  animalculum,  of  the  fhape  of  a crefcent,  with 
fome  vifble  cryfalline  points,  the  convex  part  furnifhed  with 
a row  of  hairs,  which  are  longed:  towards  the  tail ; underneath 
are  four  feet.  It  often  turns  round  fwiftly  in'a  circular  dire&ion. 

280.  Himantopus  Larva. 

Himantopus  elongatus,  medio  cirratus.  Long  himantopus, 
cirrated  in  the  middle. 
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Bv  it’s  motion  it  refembles  the  himantopus  Indio,  but  differs 
from  it  in  figure  and  fituation  of  the  parts.  The  body  is  rather 
depreffed  and  long,  the  hinder  parts  acute,  and  generally  curved, 
pellucid,  filled  with  granular  molecules. 

28  J.  Himantopus  Charon. 

Himantopus  cymbaeformis  fulcata,  in  fovea  ventrali  cirrata. 
Boat-fhaped  furrowed  himantopus,  the  hollow  part  of  the  belly 
cirrated. 

t 

An  oval  pellucid  membrane,  the  fore-part  hairy,  furrowed 
longitudinally,  each  fide  bent  up  fo  as  to  form  an  intermediate 
hollow  place,  or  belly,  crammed  with  grey  molecules;  beneath 
the  middle  it  has  feveral  bent  diverging  rows  of  hairs ; no  hairs  on 
the  hinder-part.  Rarely  to  be  found,  and  then  in  fea-water. 

282.  Himantopus  Corona. 

Himantopus  femiorbiculata,  depreffa,  in  utraque  pagina  cirra- 
ta. Semiorbicular  himantopus,  flattened,  both  fides  cirrated. 

A membranaceous  lamina,  very  thin,  very  pellucid,  cryflalline, 
femilunar;  the  edge  of  the  bafe  thick  fet  with  molecular  m- 
teflines,  the  other  angle,  or  fore-part,  furnifhed  with  fhort  hairs, 
or  a kind  of  mane ; towards  the  hind  part  three  equal  curved 
hairs,  or  fpines. 


XVI.  VoR- 
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XVI.  V O R T I c E L L A. 

Vermis  contra&ilis,  nudus,  ciliis  rotatoriis.  A worm  capable 
of  contracting  or  extending  itfelf,  naked,  with  rotatory  cilia. 

283.  Vorticella  Viridis.  Fig.  31,  Plate  XXVI. 

Vorticella  cylindraeea,  uniformis,  viridis  opaca.  Cylindrical, 
uniform,  green,  and  opake. 

To  the  naked  eye  it  appears  as  a fmall  green  point,  through 
the  microfcope  as  an  opake  corpufcle,  of  a dark-green  colour, 
cylindrical,  obtufe  at  both  extremities,  yet  rather  thicker  in  the 
fore-part  a ; very  fimple,  deftitute  of  limbs,  not  changing  it’s 
figure.  Notwithftanding  it’s  fimplicity,  the  continual  motion 
into  which  it  puts  the  water  gives  room  to  fufpeft  that  it  is  fur- 
nifhed  with  an  invifible  rotatory  inflrument,  it  moves  fometimes 
circularly,  fometimes  in  a flrait  line,  a the  fore-part,  b the  hind- 
part,  c fhort  hairs. 

284.  Vorticella  Sphseroida. 

Vorticella  cylindrico-globofa,  uniformis,  opaca.  A globous 
cylinder,  uniform  and  opake. 

To  the  naked  eye  it  appears  little  more  than  a point  fwimming 
about  in  the  water ; but  with  the  microfcope  as  a globular  mafs, 
of  a dark-green  colour  ; they  occafion  a vehement  motion  in  the 

adjacent 
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adjacent  water,  very  fhort  hairs,  which  are  probably  the  caule 
thereof,  may  be  perceived. 


285.  Vorticella  CinCta.  Fig.  30,  Plate  XXVI, 

Vorticella  trapeziformis,  nigro-viridis,  opaca.  This  vorticella 
is  in  the  form  of  a trapezium,  of  a blackifh  green  colour,  and 
opake. 

It  is  of  an  irregular  figure,  invifible  to  the  naked  eye,  ciliated 
on  every  fide,  the  hairs  all  moveable,  and  longer  on  one  fide 
than  on  the  other.  It  fometimes  alfumes  an  oval  fhape,  and  ap- 
pears girt  round  with  a tranfverfal  keel. 

286.  Vorticella  Lunifera. 

Vorticella  viridis,  poflice  lunata,  medio  margine  mucronato. 
Green  vorticella,  the  hinder-part  lunated,  with  a point  in  the 
middle,  projecting  from  the  edge. 

The  fore-part  obtufe,  the  bafe  broad,  and  hollowed  away  like 
a crefcent,  with  a protuberance  in  the  middle  of  the  concave 
part,  (horter  than  the  horns  or  points  of  the  crefcent ; the  fore- 
part is  ciliated.  It  is  found  in  fait  water. 


4 E 287.  Vor* 
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287.  Vorticella  Burfata.  Fig.  32,  Plate  XXVI. 

Vorticella  viridis,  apertura  truncata,  papillaque  centra]}. 
Green  vorticella,  the  aperture  truncated,  with  a central  papillary 
proje&ion. 

Ventricofe,  crammed  with  molecules,  the  fore-part  truncated, 
and  both  fides  of  it,  c c,  pellucid  ; in  the  center  of  the  aperture 
there  is  a prominent  papilla  or  nipple  b,  which,  when  the  ani- 
malculum  is  at  reft,  appears  notched;  the  edge  a a of  the  aper- 
ture is  furrounded  with  cilia ; thefe  are  fometimes  all  ere&ed, 
fhining,  and  in  motion,  or  part  bent  back  and  quiefcent,  and 
part  in  motion  ; fometimes  a few  of  them  are  colle&ed  together., 
and  turned  back  like  little  hooks,  one  on  each  fide.  Found  in 
fait  water,  a the  cilia,  b the  proje&ing  papilla,  c the  pellucid 
fpace  at  the  fore-part. 

288.  Vorticella  Varia. 

Vorticella  cylindrica,  truncata,  opaca,  nigricans.  Cylindrical, 
truncated,  opake,  blackifh-coloured  vorticella,  the  fore-part 
ciliated. 

289.  Vorticella  Sputarium. 

Vorticella  ventrofa,  apertura  orbiculari,  ciliis  Iongis  raris  ex- 
centricis.  Ventrofe  vorticella,  with  an  orbicular  aperture,  and 
long  hairs  radiating  as  from  a center. 


This 
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This  is  a fingular  animalculum,  even  among  thofe  where  all 
are  fingular ; viewed  Tideways  it  is  fometimes  cylindrical,  though 
fomewhat  tapering  towards  the  hinder-part,  with  a broad  pellu- 
cid edge  ; viewed  from  the  top  it  has  fometimes  a broad  face,  or 
difc,  furnifhed  with  radiating  hairs,  the  under  part  contra&ed  in- 
to a globular  fhape,  of  a dark-green  colour,  and  filled  with  fmall 
grains.  It  was  found  in  October  with  the  leffer  lemna. 

290.  Vorticella  Polymorpha.  Fig.  33,  34,  35,  Plate  XXVI. 

Vorticella  multiformis,  viridis,  opaca.  Many-fhaped  vorti- 
cella, green,  opake. 

To  the  naked  eye  it  appears  as  a molt  agile  green  point ; when 
viewed  by  the  microfcope,  it  puts  on  every  moment  fo  many  and 
fuch  various  forms,  that  they  can  neither  be  exhibited  to  the  eye 
by  drawings,  nor  defcribed  by  words ; it  is  truly  one  of  the  won- 
ders of  nature,  aftonilhing  the  mind,  fatiguing  the  eye,  and  con- 
tinually exciting  the  fpe61ator  to  afk, 

“ Quo  teneam  vultus  mutantem  protea  nodo?” 

Fig.  33,  34,  35,  reprefent  it  in  three  different  forms ; a the 
fore-part,  g the  hind-part,  c the  fore-part  fimple,  d the  fore-part 
turned  in  or  doubled,  the  body  is  granuious,  a feries  of  pellucid 
points  is  fometimes  to  be  obferved. 


291.  Vor- 
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291.  Vorticella  Multiformis. 

Vorticella  viridis,  opaca,  varia,  veficulis  fparfis.  Green,  opake, 
variable  vorticella,  with  vehicles  fcattered  about  the  body. 

This  is  fo  like  the  preceding  one,  that  it  needs  no  further 
defcription.  Is  found  in  fait  water,  and  the  vehicles  are  larger. 

292.  Vorticella  Nigra.  Fig.  36  and  37,  Plate  XXVI. 

Vorticella  trochiformis  nigra.  Top-fhaped  black  vorticella. 

To  the  naked  eye  they  prefent  themfelves  as  fmall  black  points 
fwimming  on  the  water ; through  the  microfcope  it  appears  as  a 
little  conical  corpufcle,  opake,  obtufe,  and  ventricofe  at  one  ex- 
tremity, the  other  acute ; when  it  extends  the  extremities,  two 
little  white  hooks  come  into  fight,  by  their  aftifiance  it  moves  in 
the  water,  and  it  is  probable,  from  home  circumltances,  that  they 
inclofe  a rotatory  organ.  It  is  in  continual  motion,  vacillating  on 
the  top  of  the  water.  Is  found  in  Auguft,  in  meadows  that  are 
covered  with  water,  a the  rotatory  organ,  b the  two  fmall  hooks,, 
c the  acute  end. 

293.  Vorticella  Cucullus. 

Vorticella  elongata,  teres,  apertura  oblique  truncata.  This 
vorticella  is  long,  round,  the  aperture  or  mouth  obliquely  trun- 
cated. 
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This  vorticella  may  be  ranked  among  the  larger  ones,  as  it  is 
vifible  to  the  naked  eye.  The  body  is  fomewhat  conical,  of  a 
dirty  red  colour;  it’s  fhape  has  been  compared  to  that  of  a 
grenadier’s  cap. 

294.  Vorticella  Utriculata. 

Vorticella  viridis,  ventricofa,  produ&ilis,  antice  truncata. 
Green  vorticella,  ventricofe,  the  belly  capable  of  being  lengthen- 
ed or  (horten^d,  the  fore-part  truncated,  much  in  the  fhape  of 
a common  water-bottle,  the  neck  fometimes  very  long,  at 
others  with  fcarce  any  at  all,  and  is  filled  with  green  molecules, 

295.  Vorticella  Ocreata. 

Vorticella  fubcubica,  infra  in  angulum  obtufum  produ&a. 
This  vorticella  is  f ymewhat  of  a cubical  figure,  the  under  part 

bmt  in  an  obtufe  angle. 

✓ 

It  is  a very  lingular  animalculum,  being  in  lhape  like  the  lower 
part  of  a boot:  the  apex  of  the  upper  part,  or  leg,  is  truncated 
and  ciliated,  the  heel  pointed,  the  foot  round.  It  is  an  inhabi- 
tant of  rivers,  though  very  rarely  to  be  met  with. 

296.  Vorticella  Valga.=. 

Vorticella  cubica,  infra  divaricata.  Cubical  vorticella,  the 
lower  part  divaricated. 


This 
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This  is  filled  with  grey  molecules,  and  is  as  broad  as  it  is  long^ 
the  apex  truncated  and  ciliated,  both  angles  of  the  bafe  proje&ing 
outwards,  one  fomewhat  like  a wart,  the  other  like  a finger. 
Found  in  marfhy  waters. 

297.  Vorticella  Papillaris. 

Vorticella  ventricofa,  antice  truncata,  papilla  caudali  & late- 
rali  hyalina.  Ventricofe  vorticella,  the  fore-part  truncated,  a 
papillary  tail,  and  a fplendid  papillary  excrefcence  on  the  fide. 
Is  an  inhabitant  of  marfhes,  where  the  conferva  nitida  is  met 
with. 


298.  Vorticella  Sacculus. 

Vorticella  cylindracea,  apertura  repanda,  margine  reflexo. 
Cylindrical  vorticella,  the  aperture  broad  and  flat,  the  edge  turned 
down. 

A thick  animalculum,  every-where  of  an  equal  diameter,  and 
filled  with  molecules ; the  edge  of  the  mouth  bent  back,  the 
hinder-part  obtufe,  fometimes  notched  and  contra&ed,  cilia  to 
be  feen  on  both  fides  the  mouth. 

299.  Vorticella  Cirrata. 

Vorticella  ventrofa,  apertura  finuata,  cirro  utrinque  A'entrali. 
Ventrofe  vorticella,  the  aperture  finuated,  two  tufts  of  hair  on 
^each  fide  of  the  belly.  It  is  an  inhabitant  of  the  water  in  ditches. 
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300.  VorticelJa  Nafuta.  Fig.  38,  39,  Plate  XXVI. 

Vorticella  cylindracea,  crateris  medio  mucrone  prominente. 
Cylindrical,  with  a prominent  point  in  the  middle  of  the  cup. 

An  animalculum  that  is  invifible  to  the  naked  eye ; but  when 
it  is  armed  with  microfcopic  lenfes,  it  appears  curioufly  furnilhed 
with  a rotatory  organ,  which  encompalfes  the  middle  of  the 

It  is  pellucid,  cylindrical,  of  an  unequal  fize,  the  fore-part  (a) 
truncated  and  ciliated,  and  a triangular  prominency  (e)  in  the 
middle  of  the  aperture  ; the  hind-part  obtufe,  a point  on  each 
fide  of  the  middle  of  the  body.  This  is  the  appearance  of 
this  little  creature  when  in  motion  but  when  the  water  is  nearly 
exhaled,  fome  further  parts  of  it’s  ftrufture  are  rendered  vihble  ; 
befides  the  rotatory  organ  in  the  anterior  part,  another  is  now 
difcovered  encompaffmg  the  middle  of  the  body ; the  hairs  of 
this  are  in  vehement  motion.  There  are  other  fafcicles  of  moving 
hairs  to  be  difcovered  at  the  fame  time.  The  variegated 
and  quick  motion  of  this  apparatus  (more  particularly  if  the 
animalculum  is  big  with  young,  and  moving  at  the  fame  time 
within  the  mother,)  fill  the  mind  with  amazement. 


301.  Vor- 
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301.  Vorticella  Stellina. 

Vorticella  orbicularis,  difco  moleculari,  peripheria  ciliata. 
Orbicular  vorticella,  with  a molecular  difc,  and  ciliated  peri- 
phery. 

302.  Vorticella  Difcina.  Fig.  8,  9,  10,  Plate  XXVI.  A. 

Vorticella  orbicularis,  margine  ciliato,  fubtus  convexo-anfata. 
Orbicular  vorticella,  the  edge  ciliated,  with  a kind  of  convex 
handle  on  the  under  fide. 

303.  Vorticella  Scyphina. 

Vorticella  craterformis,  cryflallina,  medio  fphaerula  opaca. 
Bowl-fhaped  vorticella,  cryftalline,  an  opake  fpherule  in  the 
middle. 


304.  Vorticella  Albina. 

Vorticella  cylindrica,  poftice  acuminata.  Cylindrical  vorticel- 
la, the  hinder-part  tapering,  and  almoft  brought  to  a point. 

305.  Vorticella  Fritillina. 

'Vorticella  cylindrica  vacua,  apice  truncata,  ciliis  pradongis. 
:Empty  cylindrical  vorticella,  the  apex  truncated. 


306.  Vor- 
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30 6.  Vorticella  Truncatella. 

Vorticella  cylindrica,  difFerta,  apice  truncata,  ciliis  breviufcu- 
lis.  Cylindrical  vorticella,  fluffed  or  filled,  the  apex  truncated, 
with  very  fhort  cilia. 

It  is  of  the  number  of  the  larger  animalcula,  the  body  is  cryf- 
talline,  and  replete  with  black  molecules,  it’s  fkin  is  perfe&ly 
fmooth  and  colourlefs,  it’s  hinder  extremity  is  rounded,  the  ante- 
rior is  truncated ; there  is  a large  opening  vifible  at  this  extremity, 
which  ferves  as  a mouth  ; this  is  thickly  ciliated. 

307.  Vorticella  Limacina.  Fig.  60,  Plate  XXVI. 

Vorticella  cylindrica,  truncata,  ciliis  bigeminis.  Cylindrical 
truncated  vorticella,  with  two  pair  of  cilia. 

308.  Vorticella  Fraxinina. 

Vorticella  gregaria,  cylindracea,  oblique  truncata,  ciliis 
bigeminis,  apice  margine  fifFa.  Gregarious  cylindrical  vorticella, 
obliquely  truncated,  with  two  pair  of  cilia,  and  a fiffure  or  notch 
at  the  upper  edge. 

The  greater  part  of  the  body  is  cylindrical,  the  hinder-part  is 
rather  tapering,  and  filled  with  opake  molecules ; towards  the 
upper  end  it  is  tranfparent ; within  the  edge,  at  top,  are  two 
final  1 tubercles,  from  each  hde  of  which  a pair  of  fmall  hairs 
proceed. 
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309.  Vorticella  Crataegaria. 

See  page  437  of'  this  work. 

310.  Vorticella  Hamata.  Fig.  40,  Plate  XXVI. 

Vorticella  burfseformis,  rnargine  aperturae  aculeis  rigidis. 
Purfe -formed  vorticella,  the  edge  of  it’s  aperture  or  mouth  fet 
with  rigid  points. 

It  is  not  ciliated,  nor  have  any  hairs  as  yet  been  difcovered 
about  it ; the  body  is  granulated,  the  fore-p  rt  broad  and  trun- 
cated, the  hinder-part  obtufe,  and  capable  of  being  contracted  or 
extended,  a the  rigid  points.  ' 

31 1.  Vorticella  Crateriformis.  Fig.  41,  Plate  XXVI. 

Vorticella  fubquadrata,  ciliorum  fafciculis  etiam  poflice. 
This  vorticella  is  rather  of  a fquare  figure,  and  has  fafcicles  of 
cilia  even  at  the  hinder-part. 

Lively,  pellucid,  round,  longer  than  it  is  broad,  approaching 
fomewhat  to  a fquare,  with  convex  fides  ; the  head  is  fituated  at 
the  large  end,  the  fkin  is  fmooth,  fome  traces  of  inteflines  are 
with  difficulty  difcovered;  at  the  larger  end  there  is  a confider- 
able  opening,  furrounded  by  hair ; the  filaments  compofing  this 
are  in  continual  motion. 
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Two  of  thefe  arefometimes  feen  conjoined  together,  as  at  Fig. 
41,  and  full  of  fmall  fp  he  rules ; at  this  time  they  may  without 
care  be  taken  for  frefli  animalcula  ; they  draw  each  other  alter- 
nately different  ways ; in  this  ftate  the  furface  is  fmooth  and 
the  hairs  invifible.  e moveable  cilia. 


312.  Vorticella  Canaliculata. 


Vorticella  dilatata,  pellucida,  latere  incifo.  Dilated,  pellucid, 
with  an  incifion  on  the  fide. 

To  the  naked  eye  it  appears  as  fo  many  white  points  adhering 
to  the  fides  of  the  glafs  ; when  magnified,  the  anterior  part  is 
narrower  than  the  hind-one ; in  the  fide  a kind  of  incifion  may 
be  perceived,  and  the  hind- part  is  a little  notched  towards  the 
middle ; it  is  furmfhed  with  a rotatory  organ,  by  which  it  excites 
a continual  whirling  in  the  water. 


313.  Vorticella  Verfatilis. 


Vorticella  elongata  fpiculiformis,  mox  urceolaris.  Long 
fpear-formed  vorticella,  but  which  often  changes  it’s  fhape  into  a 


pitcher-like  form. 


A pellucid  gelatinous  animalculum,  of  a greenifh  colour,  fur- 
nifhed  with  fmall  radii,  particularly  about  the ’circumference, 
whence  it  may  be  considered  as  a minute  water  hedge-hog. 
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314.  Vorticella  Ampulla.  Fig.  4 and  5,  Plate  XXVI.  A. 

' • 

Vorticella  folliculo  ampulaceo,  pellucido,  capite  bilobo.  This 
vorticella  is  contained  in  a pellucid  bottle-fhaped  bag,  the  head 
of  it  is  divided  into  two  lobes. 

Little  more  need  be  faid  to  enable  the  reader  to  know  this  ani- 
malculum,  if  he  fhould  meet  with  it,  than  to  obferve  that  the 
bag  is  much  in  the  fhape  of  the  common  water-bottle  ; that  the 
animalculum  is  fom dimes  to  be  obierved  at  the  bottom  of  it, 
fometimes  nearly  filling  it. 

315.  Vorticella  Folliculata.. 

Vorticella  oblonga,  folliculo  cylindraceo  hyalino.  Oblong 
vorticella,  in  a bright  cylindrical  bag. 

This  animalculum  is  gelatinous  and  cylindrical;  when  at  it’s 
greateft  extenfion,  the  bafe  appears  attenuated,  and  the  apex 
truncated. 


316.  Vorticella  Larva. 

Vorticella  cylindrica,  apertura  lunata,  fpinis  caudalibus  binis. 
Cylindrical  vorticella,  the  aperture  fomewhat  in  the  fhape  of  a 
crefcent,  two  fmall  thorny  points  projecting  from  the  hinder-part. 

The  head,  the  trunk,  and  the  tail  may  be  eafily  diftinguifhed 
from  each  other.  It  is  of  a clay-colour,  the  aperture  ciliated ; 

a glo- 
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a globular  proje£tion  may  at  times  be  feen  .to  proceed  from  the 
aperture. 

317.  VorticeTla  Succolata.  Fig.  42  and  43,  Plate  XXVI. 

Vorticelli  inverfe  conica,  apertura  lunata,  trunco  poftice  bi- 
dentato,  cauda  elongata  biphylla.  This  vorticella  is  in  figure 
an  inverted  cone,  the  aperture  of  a crefcent  fhape,  the  lower 
part  of  die  trunk  is  notched,  forming,  as  it  were  two  teeth,  the 
tail  biphyllous. 

- I 

Each  of  thefe  parts  is  furrounded  with  a Ioofe  bright  fkin,  the 
head  is  divided  from  the  trunk  by  a deep  incifion.  a a a fmall 
points  projefting  from  the  head,  b the  cilia,  c and  d the  interior 
parts ; J,  Fig.  42,  the  little  horn  at  the  bottom  of  the  trunk. 

318.  Vorticella  Aurita. 

Vorticella  cylindrico-ventrofa,  apertura  mutica,  ciliis  utrinque 
rotantibus  cauda,  articulata  biphylla.  Cylindrical  ventrofe  vorti- 
cella, the  aperture  ddbtute  of  hairs,  both  fides  of  it  furnifhed 
with  rotatory  cilia,  the  tail  biphyllous. 

t 

310.  Vorticella  Tremula. 

Vorticella  inverfe  conica,  apertura  lobata  fpinulofa,  cauda 
brevi  unicufpi.  This  vorticella  is  fomewhat  of  a conical  fhape, 
the  mouth  divided  into  parts  which  are  fet  with  fmall  fpines  or 
thorns,  a point  projects  from  the  tail. 

B*1  it 
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It  is  a pellucid,  cryftalline,  ventricofe  animalculum  ; within  it, 
on  one  fide  of  the  body,  there  is  a large  clay-coloured  oval  mafs, 
adjacent  to  which  there  is  a pellucid  oval  fubftance ; the  tail  is 
articulated  and  very  fliort. 

320.  Vorticella  Senta. 

Vorticella  inverfe  conica,  apertura  fpinofa  integra,  cauda  brevi 
bicufpi.  Somewhat  of  the  fhape  of  a cone,  the  aperture  fet 
with  fpines,  the  tail  fhort,  and  divided  into  two  points. 

It  has  fome  refemblance  to  the  larger  vorticella  rotatoria,  but 
is  eafily  diflinguifhed  from  them  by  it’s  horned  fpiny  aperture, 
and  fimple  rotatory  organ. 

« 

The  body  is  mufcular,  pellucid,  folding  varioufly,  the  fore- 
part truncated ; round  the  margin  of  the  aperture  are  rows  of 
hairs,  but  differ  hairs  or  fpines  are  alfo  continually  vibrating, 
with  which  it  draws  in  all  animate  and  inanimate  fubftances. 

321.  Vorticella  Lacinulata.  Fig.  45,  Plate  XXVI. 

% 

Vorticella  inverfe  conica,  apertura  lobata,  fetis  binis  caudali- 
bus.  In  fhape  fomewhat  of  an  inverted  cone,  the  aperture 
lobated,  the  tail  fmall,  and  furnifhed  with  two  bridles  (d). 

The  body  is  mufcular,  pellucid,  'cylindrical,  the  apex  about  a 
third  part  down,  drawn  into  a little  neck,  the  aperture  or  apex  is 
fpread  on  both  Iides  into  a kind  of  flap  or  lappet,  in  the  middle  is 
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a Iitde  lamina,  or  triangular  point ; another  of  thefe  is  difcovered 
when  the  aperture  faces  the  obferver,  which  makes  it  appear  like 
a fmall  flower.  The  hind-part,  when  in  motion,  is  a little  bent ; 
it  terminates  in  two  minute  bridles,  which  are  feen  fometimes  uni- 
ted, at  other  times  diverging.  When  the  animalculum  is  fwim- 
ming,  it’s  rotatory  organza)  may  be  feen;  molecular  inteffines 
are  vifible  ; it  moves  with  velocity  in  an  oblique  direflion.  Is 
found  in  pure  water. 

322.  Vorticella  Condri&a. 

Vorticella  elliptico  ventricofa,  apertura  integra,  cauda  annu- 
lata  biphvlla.  Elliptical  ventricofe  vorticella,  the  aperture  or 
mouth  undivided,  the  tail  annulated  and  forked. 

In  this  kind,  the  head,  the  tail,  and  the  trunk,  are  fully  dif- 
tinguifhed.  A fubflance  in  motion  has  been  perceived,  which 
has  been  fuppofed  to  be  the  heart;  there  are  two  kinds  of  them, 
one  a pale  yellow,  the  other  of  a white  colour ; they  move  by 
fixing  their  tail  to  the  glafs  upon  the  dage,  and  then  extending 
their  body  as  much  as  poflible ; they  fix  the  fore-part  to  the 
place  where  they  intend  to  move,  and  then  draw  the  hinder-part 
to  it,  and  fo  on.  They  fometimes  turn  round  about  upon  one  of 
the  points  of  their  tail,  others  fpring  forwards  with  a jerk.  When 
at  red,  they  open  their  mouths  very  wide,  the  lips  are  ciliated, 
two  black  globules  are  difcovejed  in  fome  of  them. 
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323.  Vorticella  Togata. 

Vorticella  fubquadrata,  apertura  integra,  fpinis  caudalibus 
binis,  plerumque  unitis.  Square  vorticella,  the  aperture  not  di- 
vided, the  tail  confiding  of  two  long  fpines,  which  are  fometimes 
fo  united  as  to  appear  as  one. 

The  body  is  convex,  of  a dark  colour,  filled  with  molecules, 
the  middle  part  pellucid,  the  hinder-part  rather  broader  than  the 
fore-part,  the  fore-part  ciliated,  the  tail  formed  of  two  very  thin 
pellucid  fpines,  which  are  fomewhat  curved,  and  much  longer 
than  the'  body. 


324.  Vorticella  Longifeta. 

Vorticella  el  on  gat  a,  comprefla,  fetis  caudalibus  binis  longidi- 
mis.  Long  vorticella,  flat,  the  tail  formed  of  two  very  long 
bridles. 

The  forepart  finuated,  and  fet  with  minute  cilia;  the  two 
bridles  which  conftitute  the  tail  are  Jong,  but  one  is  longer  than 
the  other. 

325.  Vorticella  Rotatoria.  Fig.  46,  47,  48,  49,  PI.  XXVI. A. 

Vorticella  cylindrica,  pedicello  collari,  cauda  longa  quadra- 
cufpi.  Cylindrical  vorticella,  with  a little  foot  proje&ing  from 
the  neck,  a long  tail  fumifhed  with  four  points. 
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Bracliionus  corpore  conico  fubaequali.  Hill  Hift.  Anim. 

Brachionus  corpore  conico  torulofo.  Ditto, 

Brachionus.  Pallas  Zooph.  50, 

Joblot  Microf.  part  2,  p.  77,  plate  10,  fig.  18;  and  p.  96, 
plate  5,  A B C D E K. 

Adams’s  Micrographia  Illuftrata,  p.  148,  plate  40,  fig.  255, 

Leeuwenhoeck  Contin.  Arc.  Nat,  p.  386,  f.  1,  2. 

Baker’s  Microf.  Exp.  p.  95,  pi.  6,  f.  6,  7,  8. 

Baker’s  Empl.  for  the  Micr.  p.  348,  379,  pi.  11,  f.  1 to  13  ; 
and  fig.  1,  2,  3,  6,  7,  11,  12,  14,  15,  16,  17,  18,  19,  20,  21, 
22,  23,  of  plate  XXVI.  A,  belonging  to  the  work. 

Spallanz.  Opufc.  2 p.  301,  345,  pi.  4,  f.  3 to  5, 

Rozier  Journal  Phyfique,  1775,  p.  220. 

No  perfon  feems  to  have  fucceeded  fo  well  in  the  defcription  of 
the  wheel  animalculum  as  Mr.  Baker,  and  all  fucceeding  writers 
refer  us  to  him  for  a full  account  of  this  little  creature.  What  I 
fhall  fay  upon  this  animalculum  will  therefore  be  taken  chiefly 
from  him,  though  with  fuch  additions  and  alterations  as  appear 
to  me  necefiary  to  render  his  account  complete, 
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It  may  be  proper  to  obferve,  fi  rR,  that  Mr.  Mullers  wheel 
animal  differs  in  Tome  refpe&s  from  that  of  Mr.  Baker’s  ; firR,  by 
the  rotatory  organs  on  the  back,  which  ftretch  out  like  ears ; 
fecondly,  the  two  little  fplendid  fubftances  within  the  body  ; 
and  thirdly,  the  two  black  points  near  the  top  of  the  head*  which 
are  probably  the  creature’s  eyes. 

This  little  animal  is  found  in  rain  water  that  has  Rood  for  fome 
days  in  leaden  gutters,  or  in  the  hollows  of  lead  on  the  tops  of 
houfes,  or  in  the  (lime  and  fediment  left  in  rain  water;  they  are 
fometimes  to  be  found  alfo  in  ditches  and  amongft  duck-weed. 

It  has  been  called  the  wheel  animal  becaufe  it  is  furnifhed  with 
a pair  of  inRruments,  which  in  figure  and  motion  referable 
wheels.  It  appears  only  as  a living  creature  when  in  water,  and 
yet  it  may  be  kept  for.  many  months  out  of  water,  and  in  a Rate 
as  dry  as  duR,  without  lofing  the  principle  of  life.  When  dry, 
it  is  of  a globular  form,  about  the  fize  of  a grain  of  fand,  and 
wdthout  any  apparent  figns  of  life.  If  it  be  put  into  the  water,  in 
the  fpace  of  half  an  hour  a languid  motion  begins,  the  globule 
turns  itfelf  about,  lengthens  itfelf  by  flow  degrees,  becomes  very 
lively,  and  in  a little  time  protrudes  it’s  wheels,  and  fwims  about 
in  fearch  of  food  ; or  elfe,  fixing  itfelf  by  it’s  tail,  brings  the  food 
to  it  by  the  motion  induced  on  the  -water  by  it’s  rotatory  organs. 

If  the  water  that  is  found  handing  in  gutters  of  lead,  or  the 
fediment  it  has  left  behind,  has  any  thing  of  a red  colour,  you 
may  be  almoR  fure  of  finding  thefe  animalcula  therein.  In  fum- 
mer,  when  all  the  water  is  dried  away,  if  the  duR  appears  red,  or 
of  a dark  brown,  and  is  put  into  water,  you  will  feldom  fail  to 
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difcover,  by  means  of  the  microfcope,  a great  number  of  minute 
reddifh  globules,  which  are  the  animalcula  themfelves.  It  is  mod 
proper  to  obferve  them  firfl  with  the  third  or  fourth  magnifiers, 
and  then  to  ufe  thofe  which  are  deeper. 

This  little  creature  has  fome  likenefs  to  a caterpillar;  it’s  mo- 
tion from  place  to  place  is  performed  like  many  of  thofe  infers, 
by  firfl;  fixing  the  tail  to  fome  fubftance,  then  extending  the  whole 
body,  and  fixing  the  head,  then  drawing  the  tail  to  it ; by  thefe 
alternate  a&ions  it  moves  with  fome  degree  of  fwiftnefs. 

It  very  often  changes  it’s  appearance,  and  affumes  a different 
form ; for  the  fnout  being  drawn  inwards,  the  fore-part  becomes 
clubbed,  and  immediately  dividing,  exhibits  to  our  view  two  cir- 
cular inftruments,  fet  with  minute  hairs,  that  move  very  brifkly, 
fometimes  in  a rotatory  manner,  fometimes  in  a kind  of  trembling, 
or  vibratory  mode.  An  aperture,  or  mouth,  is  alfo  perceived 
between  the  two  femicircles  ; the  animal  may  often  be  feen  fwim- 
ming  about  in  purfuit  of  food  while  in  this  ftate. 

The  mod  difiinguifhing  parts  of  this  animalculum  are  the  head, 
the  thorax,  and  the  abdomen.  The  form  and  ftru&ure  of  the 
head  is  wonderful,  differing  from  any  other  creature  hitherto 
defcribcd ; the  fudden  change  of  the  head  from  one  form  to  ano- 
ther is  equally  furprizing  and  fingular  ; for  from  being  of  a very 
taper  form,  it  becomes  on  a hidden  as  broad  as  any  part  of  the 
infe6f,  and  protrudes  an  amazing  piece  of  machinery,  formed  to 
procure  it's  food. 
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' The  circular  bodies  which  project  from  them  have  much  the 
refemblance  of  wheels,  and  feem  to -turn  round  with  confiderable 
velocity,  by  which  means  a very  rapid  current  of  water  is  brought 
from  a great  dillance  to  the  mouth  of  the  little  creature ; as  thefe 
wheels  are  very  tranfparent,  except  the  edge,  which  is  fet  with 
fibrillas,  (as  cogs  to  a wheel)  it  is  difficult  to  determine  how  they 
are  turned  about,  or  what  is  their  real  figure,  whether  they  are 
flat,  concave,  or  conical ; be  this  as  it  may,  they  are - protruded 
from  a couple  of  tubular  cafes,  in  which  they  can  be  again  re- 
traced, at  the  will  and  pleafure  of  the  animal.  They  do  not 
always  turn  the  fame  way,  nor  with  the  fame  velocity ; they  will 
fometimes  move  in  contrary  dire&ions,  fometimes  both  one  way. 
The  figure  varies,  from  the  degree  of  their  protrufion,  and  from 
other  circumfiances.  They  appear  fometimes  like  minute  oblong 
fquares,  rifing  from  the  periphery  of  a circle ; at  other dimes  they 
terminate  in  fharp  points,  fometimes  they  are  curved,  bending 
the  fame  way  like  fo  many  hooks  ; now  and  then  the  ends  appear 
clubbed,  or  in  appearance  like  a number  of  little  mallets. 

When  the  fore-part  of  this  creature  is  firft  feen  to  open  or 
divide,  the  parts,  which  when  fully  protruded  refemble  wheels, 
feem  only  like  a couple  of  femicircles,  the  edges  whereof  are  fet 
with  little  fpiculac,  having  all  a nimble  and  continual  vibrating 
motion  upwards  and  downwards,  whereby  the  water  becomes 
agitated,  each  wheel- being  in  this  cafe  doubled,  or  like  a round 
piece  of  paper  folded  in  the  middle. 

When  the  wheels  are  in  motion,  the  head  appears  very  large 
in  proportion  to  the  fize  of  the  animal ; and  though  it  is  then 
cvery-where  tranfparent,  yet  a ring  or  circle,  more  particularly 
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remarkable  for  it’s  brightnefs,  may  be  perceived  about  the  mid- 
die  of  the  forehead ; many  veflels  may  be  feen  to  take  their 
origin  from  this. 

The  thorax,  or  bread,  is  joined  to  the  head  by  a fhort  annular 
circle,  or  neck  ; the  thorax  in  fize  is  nearly  one-fixth  part  of  the 
whole  ammalculum.  In  it  we  diftindfly  perceive  the  heart  of  the 
little  creature  ; the  heart  is  placed  almoft  in  the  middle,  the  diaf- 
tole  and  fyftole  cannot  fail  to  catch  the  eye  of  every  attentive 
obferver.  It  is  feen  very  plainly  through  the  back,  (hutting  and 
opening  alternately  with  great  regularity  and  exadlnefs.  It  ap- 
pears i.o  be  compofed  of  two  femilunar  parts,  wich  in  the  time  of 
contradlion  approach  each  other  laterally,  and  form  between 
them  a figure  fomewhat  like  a horfe-fhoe,  whofe  upper  fide  is 
flat,  the  under  one  convex.  In  the  diaflole  thefe  two  parts 
fepa rate  ; the  feparation  begins  exadlly  in  the  middle  of  the  lower 
part  next  the  tail.  The  alternate  motions  of  the  heart  are  per- 
formed with  great  ftrength  and  vigour.  In  each  of  the  femilunar 
parts  there  is  a cavity,  which  doles  when  they  come  together, 
and  opens  when  they  feparate. 

The  motion  of  the  heart  is  communicated  to  all  the  other  parts 
of  the  thorax,  and  indeed  through  the  whole  animal  we  may  per- 
ceive contractions  and  dilatations  going  on,  that  are  apparently 
correfpondent  thereto.  It  is  necefiary,  however,  to  remark, 
that  the  motion  of  the  heart  is  fometimes  fu (pended,  or  at  leal! 
quite  imperceptible  for  two  or  three  minutes,  after  which  it  re- 
commences, and  goes  on  with  the  fame  vigour  and  regularity  as 
before.  From  the  under  part  of  the  thorax  a fmall  tranfparent 
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horn  proceeds,  which  cannot  be  feen  unlefs  the  infeft  turns  on  it’s 
back  or  fide. 

Below  the  thorax  there  is  an  annular  circle  that  joins  the  tho- 
rax to  the  abdomen.  The  abdomen  is  much  the  largeft  part  of 
this  animal,  it  contains  the  ftomach  and  vifcera.  When  this 
creature  is  full  of  food,  the  bowels  are  opake,  and  of  a crimfon 
colour,  extending  from  the  thorax  quite  through  the  belly  and  a 
great  part  of  the  tail,  and  exhibits  a fine  view  of  the  perifialtic 
motion,  or  thofe  gradual  contradtions  and  dilatations  of  the  intef- 
tines,  which  propel  their  contents  downwards.  There  are  many 
ramifications  of  veflels,  both  longitudinal  and  tranfverfe,  round 
the  bowels.  It  can  extend  the  abdomen  in  length  very  much,  or 
contradl  and  widen  it  confiderably,  fo  as  to  become  a cafe  for  all 
the  reft  of  the  body.  The  tail  goes  from  a joint  at  the  lower  part 
of  the  belly  to  the  pofterior  extremity ; it  is  of  a tapering  form, 
and  confifts  generally  of  three  joints  ; when  it  is  inclined  to  fix 
itfelf  to  any  thing  by  the  tail,  it  thrufts  out  four,  fometimes  fix, 
little  hooks  from  the  end  thereof ; thefe  are  placed  in  pairs,  one 
pair  at  the  very  extremity  itfelf,  the  other  two  a little  way  up  the 
fides ; the  three  are  feldom  feen  at  the  fame  time.  The  wheels 
feem  to  be  the  organ  that  the  animal  ufes  to  aflift  it  in  fwim- 
ming. 

All  the  adlions  of  this  creature  feem  to  imply  fagacity  and 
quicknefs  of  fenfation ; at  the  leaft  touch  or  motion  in  the  water 
they  inftantly  draw  in  their  wheels.  Mr.  Baker  conjedlures  that 
they  have  eyes  lodged  near  the  wheels,  becaufe  while  they  are  in 
the  globular  or  maggot  ftate,  their  motions  are  flow  and  blunder- 
ing ; 
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ing ; but  after  the  wheels  are  protruded,  they  are  performed  with 
great  regularity,  fwiftnefs,  and  fleadinefs. 

Fig.  17,  Plate  XXVI.  A,  reprefen ts  this  little  animal  in  what 
Mr.  Baker  calls  the  maggot  hate ; while  in  this  form  fmall  fpiculas 
are  feen  to  dart  out  near  the  anterior  part ; the  fnout  is  fometimes 
more  and  fometimes  lefs  acute  than  in  this  delineation,  (a)  a 
fmall  horn  near  the  thorax. 

Fig.  15  reprefents  it’s  manner  of  moving  from  place  to  place, 
while  in  the  maggot  flate. 

Fig.  12  exhibits  it,  with  the  two  femicircular  parts,  put  out, 
and  in  the  poflure  it  places  itfelf  in  when  it  is  preparing  to  fwim 
about,  or  going  to  put  it’s  wheels  in  motion. 

Fig.  1 (hews  the  head  at  it’s  full  extent,  with  a couple  of  fmall 
bodies  on  the  top  of  it,  armed  with  fmall  teeth  like  thofe  of  the 
ballance-wheel  of  a watch. 

At  Fig.  18  the  interior  parts  are  more  particularly  exhibited, 
(a)  the  circle  from  which  many  veffels  originate  ; (b)the  thorax,  or 
breaft,  joined  to  the  head  by  the  neck  (c.)  The  part  which  is  fup- 
pofed  to  be  the  heart  is  plainly  feen  at  (d.)  The  abdomen  (f)  is 
feparated  from  the  breaft  by  a ring  (e).  (g)  the  tail. 

Fig.  19  is  the  wheel  animal,  not  full  extended,  but  yet  work- 
ing it’s  wheels  about. 
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Fig.  20  (hews  it  with  it’s  fide  towards  the  eye;  one  of  the 
wheels  in  this  pofition  appears  to  lie  confiderably  below  the 
other. 

Fig.  6 and  16  reprefent  two  of  thefe  creatures  in  the  poftures 
they  are  often  feen  in  when  the  wheels  are  not  out,  but  the  fiibril- 
he  are  vibrating  quickly. 

Fig. 2,  it  is  feen  with  the  body  nearly  drawn  into  the  abdomen; 
at  Fig.  21  it  is  ftill  further  drawn  in;  at  Fig.  22  as  it  appears  jult 
as  the  tail  is  drawn  in  ; at  Fig.  23  in  a globular  form,  but  hill  ad- 
hering by  the  tail. 

Sometimes,  when  in  the  maggot  form,  it  rolls  it’s  head  and 
tail  together,  without  drawing  them  into  it’s  body ; it  is  repre- 
fented  in  this  hate  at  Fig.  14. 

Mr.  Baker  has  alfo  defcribed  three  other  fpecies,  one  of  which, 
that  differs  only  from  the  preceding  in  having  a very  long  tail,  is 
reprefented  at  Fig.  7,  Plate  XXVI.  A. 

Fig.  1 1 is  another  kind,  with  cruftaceous  fpiculae  at  the  fore- 
part; within  this,  at  c,  an  opake  oval  body  may  be  feen,  which 
has  been  taken  for  an  egg. 

Fig-  3 is  another  kind ; it  has  two  proje&ing  points  from  the 
tail,  and  the  head  furnifhed  with  a number  of  fibrillae. 


Fig. 
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Fig.  13  reprefents  another  fpecies,  defcribed  by  Spallanzani. 

Fig.  46,  47,  48,  49,  Plate  XXVI.  reprefent  the  wheel  animals, 
feen  and  delineated  by  Mr.  Muller,  a the  head,  b the  eyes,  c a 
fmall  horn,  d the  rotatory  organ,  e the  tail,  f the  points  of  the 
tail. 


326.  Vorticella  Furcata. 

Vorticella  cylindrica,  apertura  integra,  cauda  longiufcula 
bifida.  Cylindrical  vorticella,  the  aperture  undivided,  the  tail 
rather  long,  and  divided  into  two  parts. 

A cylindric  body,  with  a rotatory  organ,  or  row  of  hairs,  at 
the  apex ; the  tail  divided  into  two  parts,  a little  turning  in- 
wards. When  at  reft,  it  joins  the  fegments  of  the  tail;  but 
when  in  motion,  it  feparates  them.  Generally  found  in  common 
water. 


327.  Vorticella  Catullus.  Fig.  50,  Plate  XXVI, 

Vorticella  cylindracea,  apertura  mutica,  cauda  per  brevi,  rc- 
flexa,  bicufpi.  Cylindrical  vorticella,  the  aperture  plain,  the 
tail  fhort,  bent  back,  and  divided  into  two  points. 

It  is  a little  thick  animalculum,  mufcular,  folding  itfelf  up,  of 
an  equal  breadth  throughout,  the  body  disfigured  by  longitudinal 
folds,  winding  varioufly ; the  anterior  part,  or  head,  connetled 
to  the  body  by  a little  neck,  it  occafionally  manifefts  a very  mi- 
* nute  rotatory  organ.  The  tail  (e)  is  fhort,  terminating  in  two 
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very  {mail  briftles  (d),  which  it  moves  and  hides  at  pleafure  ; the 
inteftines  ill-defined.  It’s  motion  is  rotatory,  but  in  various 
directions.  Is  found  commonly  in  marlhy  waters. 

328.  Vorticella  Canicula. 

Vorticella  cylindracea,  apertura  mutica,  cauda  brevi,  articulata, 
bicufpi.  Cylindrical  vorticella,  the  aperture  plain,  the  tail  fhort, 
articulated,  and  dividing  into  two  pointed  parts. 

329.  Vorticella  Felis. 

Vorticella  caudata,  cylindracea,  mutica,  cauda  fpinis^duabus 
longis  terminata.  With  a tail,  cylindrical,  beardlefs,  the  tail  ter- 
minating in  two  long  fpines. 

The  body  is  large,  the  apex  of  an  equal  thicknefs,  obtufe, 
with  rotatory  filaments  ; the  tail  acute,  with  two  pellucid  fpines, 
about  one-third  of  the  body  in  length,  feparating  from  and  then 
approaching  each  other  alternately. 

330.  Vorticella  Stentorea. 

See  page  429  of  this  work. 

331.  Vorticella  Socialis. 

See  page  432  of  this  work. 
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332.  Vcrtieella  Flofculofa.  Fig- 51  and  52,  Plate  XXVI. 

Voriicella  caudata  aggregata,  oblongo-ovata,  difco  dilalato 
pellucido.  With  a tail  aggregated,  of  an  oblong  oval  fhape, 
with  a dilated  pellucid  difc. 

To  the  naked  eye  it  appears  as  a yellow  globule,  adhering  to 
the  ceratophyllon  (a)  like  a little  flower  (b),  or  like  a heap  of  yel- 
low eggs.  By  the  microfcope  they  are  difcovered  to  be  a con- 
geries of  vorticellas,  conflituting  a fphere  from  a mouldy  center. 
They  either  fingly,  or  many  of  them  together,  extend  and  con- 
tra^ their  little  bodies,  and  by  means  of  the  difc  excite  a vortex 
in  the  water. 

Sometimes  they  quit  the  fociety,  and  a£l  fingly;  they  may 
then  be  obferved  more  eafily,  and  will  be  found  to  confdl  of 
three  parts,  ahead,  abdomen,  and  tail.  The  head  is  often  l'o 
drawn  back  into  the  abdomen  (d),  that  no  veftige  of  it  remains ; 
but  it  exhibits  a broad  difc  handing  out,  of  a kidney-lhape.  The 
abdomen  (d)  is  an  oblong,  oval,  pellucid,  replete  with  obfcure 
inteftines,  amongfl  which  are  one  or  twTo  remarkable  black  oval 
fpots  (e) ; the  tail  is  fharp,  and  as  long  again  as  the  abdomen, 
rough  and  annulated,  or  altogether  fmooth. 

333.  Vorticella  Citrina.  Fig.  53,  Plate  XXVI. 

Vorticella  fimplex,  multiformis,  orificio  contraftili,  pedunculo 
acquali.  Simple,  many-lhaped,  with  an  orifice  that  it  can  con- 
traft,  and  equal-fized  foot-flalk. 
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The  head  is  full  of  molecules,  round,  and  every-where  of  an 
equal  fize ; very  pellucid,  both  fides  of  the  orifice  are  ciliated, 
and  each  has  a rotatory  motion,  appearing  fometimes  without 
the  edge  of  the  mouth,  as  at  a a ; fometimes  within  it.  No 
dihinfi  inteflines,  or  internal  motion,  perceivable.  It’s  motion  is 
different  from  raofl  of  this  genus,  but  not  eafily  defcribed.  c c 
fmall  feet.  It  is  found  in  flagnant  water. 


334.  Vorticella  Piriformis. 

Vorticella  fimplex,  obovata,  pedicello  minimo  retra&ili. 
Simple,  fomewhat  oval,  with  a very  fmall  retra&ile  foot,  or  one 
which  it  can  draw  within  itfelf. 

335.  Vorticella  Tuberofa. 

Vorticella  fimplex,  turbinata,  apice  bituberculata. 

Simple  vorticella,  the  upper  part  broad,  the  under  part  fmall, 
with  two  projefting  parts  at  the  anterior  end,  which  are  furnifhed 
with  a number  of  vibrating  fibrillae,  that  produce  a current  of 
water  by  their  quick  motion,  and  thus  collect  food  for  our  vorti- 
cella. Mr.  Baker  has  delineated  it  in  Fig.  10,  11,  12,  Plate  XIII. 
of  his  Employment  for  the  Microfcope. 
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336.  Vorticella  Ringens. 

Vorticella  fimplex,  obovata,  pedunculo  minimo,  orificio  con- 
tra&ili.  Simple,  fomewhat  of  an  oval  Ihape,  a fmall  pedicle,  an 
orifice  that  it  contra&s  or  dilates. 

The  fmall  head,  or  rather  body,  of  this  little  creature  is  pear- 
fhaped,  pellucid,  the  middle  of  the  aperture  convex,  both  fides 
ciliated,  the  pedicle  four  times  fhorter  than  the  body ; it  can  con- 
tra6l  the  oiifice  to  an  obtufe  point. 

337.  Vorticella  Inclinans. 

Vorticella  fimplex,  deflexa,  pedunculo  brevi,  capitulo  retrac- 
tili.  Simple,  bent,  with  a fhort  pedicle,  and  fmall  retra&ile 
head. 

A pellucid  pendulous  little  head,  the  anterior  part  truncated, 
and  is  occafionally,  by  contraftion,  made  twice  as  fhort  as  the 
pedicle  ; it’s  Ihape  is  like  that  of  a tobacco-pipe. 

338.  Vorticella  Vaginata. 

i , 

Vorticella  fimplex,  ere&a,  ovato-truncata,  pedunculo  vagina- 
to.  Simple  vorticella,  ereft,  of  the  fhape  of  a truncated  egg, 
the  pedicle  contained  in  a (heath. 

For 
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For  the  339th,  340th,  and  341ft,  the  author  refers  to  the 
Zool.  Dan.  he  terms  them  vorticella  cyathina,  vorticeila  putrina, 
vorticella  patellina. 

342.  Vorticella  Globularia. 

Vorticella’  fimplex,  fphserica,  pedunculo  retortili.  Simple, 
fpherical,  with  a twilled  pedicle. 

The  little  head  is  fpherical,  the  aperture  of  the  mouth  ciliated, 
the  pedicle  four  times  longer  than  the  body,  which  it  contracts 
in  a fpiral  form.  It  is  frequent  among  the  cyclope  quadricorni. 

343.  Vorticella  Lunaris.  Fig.  54,  Plate  XXVI. 

Vorticella  fimplex,  hemifphacrica,  pedunculo  retortili.  Sim- 
ple, hemifpherical,  with  a twilled  pedicle. 

The  fmall  head  of  this  animalculum  is  crater-form  (goblet- 
Ihaped),  the  margin  of  the  orifice  protuberant,  ciliated  on  both 
hides,  the  hairs  undulating,  the  pedicle  eight  or  ten  times  the 
length  of  the  body.  As  often  as  the  mouth  is  opened,  the  pedi- 
cle extends  itfelf;  when  it  is  Ihut,  this  is  twilled  up  fpirally,  and 
thefe  motions  are  often  reiterated  in  a fhort  fpace.  a the  head 
when  expanded,  b when  Ihut,  c the  undulated  edge,  d the  cilia 
ere61,  e when  horizontal,  f the  pedicle  when  ftrait,  g when  bent. 
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344.  Vorticella  Convallaria. 

See  page  445  of  thefe  elfays. 

345.  Vorticella  Nutans. 

Vorticella  fimplex,  turbinata,  pedunculo  retovtili.  Simple, 
with  a twilled  turbinated  pedicle. 

The  pedicle  is  limple,  and  twills  itfelf  fpirally,  is  exceeding 
{lender,  and  has  a kind  of  cap  on  the  head  ; the  margin  white 
and  round,  and  as  it  were  encompaffed  with  a lucid  ring;  the 
head  diminilhes  towards  the  bafe.  It  is  tranfparent. 

346.  Vorticella  Nebulifera.  Fig.  66,  Plate  XXVI. 

Vorticella  fimplex,  ovata,  pedunculo  reflexili.  Simple,  egg- 
fliaped,  the  pedicle  bent  back. 

The  body  is  narrow  at  the  bafe,  open  and  truncated  at  top, 
the  margin  as  it  were  furrounded  with  a ring ; but  when  the  aper- 
ture is  fhut,  the  animalculum  is  egg-{haped,  the  inteftines  may  be 
feen  diltinflly,  the  pedicle  is  fimple,  fetaceous,  conliderably 
longer  than  the  body,  and  generally  much  bent  back,  a the 
head  open,  b almoil  {hut,  c quite  {hut,  d the  ftalk  when  ftrait, 
at  e it  is  bent. 
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347.  Vorticella  Annularis. 

Vorticella  fimplex,  truncata,  pedunculo  apice  retoitili.  Sim-, 
pie,  truncated,  with  a pedicle  twilled  at  the  end. 

This  is  vifible  to  the  naked  eye ; the  head  an  inverted  cone, 
convex  when  the  mouth  is  fhut,  truncated  when  it  is  open,  with 
a protuberant  edge,  the  pedicle  is  fimple,  very  long,  thick,  and 
whiter  at  the  top  than  elfewhere,  formed  into  a little  head,  the 
apex  is  twilled  fpirally.  This  animalculum,  when  contrafled, 
appears  to  be  annulated. 

348.  Vorticella  Acinofa. 

See  page  440  of  this  work. 

349.  Vorticella  Fafciculata. 

Vorticella  fimplex,  viridis,  campanulata,  margine  reflexo,  pe- 
dunculo retortili.  Simple,  green,  bell-fhaped,  the  margin  or 
edge  turned  back,  the  pedicle  twilled. 

A congealed  green  mafs,  which  is  often  fwimming  about  in 
ditches,  is  compofed  of  myriads  of  thefe  animalcula,  which  are 
not  vifible  to  the  eye ; when  magnified,  they  appear  as  a bundle 
of  green  llowers.  The  head  is  bell-lhaped,  green,  opake,  narrow 
at  bottom,  pellucid.  It  has  a rotatory  organ,  which  may  fome- 
times  be  feen  projefling  beyond  the  aperture;  the  pedicle  is 
•twilled  and  very  llender ; a little  head  at  the  apex. 
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350.  Vorticella  Hians. 


Vorticella  (implex,  citriformis,  pedunculo  retortili.  This  is 
among  the  moft  minute.  The  head  refembles  a citron,  the  apex 
truncated,  the  bafe  narrow ; a gaping  cleft  is  difcovered  defcend- 
ing  from  the  apex  to  one-third  of  the  body. 


351.  Vorticella  Beilis. 


Vorticella  (implex,  hemifpherica,  margine  contra&ili.  Sim- 
ple, hemifpherical,  with  a margin  that  it  can  contra6l  at  pleafure. 

The  head  (capitulum)  fcarcely  pellucid,  the  infide  quite  filled, 
yellow,  refembling  much  the  (lower  of  the  daify  ; it  is  ciliated 
round  the  margin,  and  are  in  great  abundance,  moving  in  a 
rotatory  manner. 

The  foot,  or  pedicle,  is  long,  (lender,  and  pellucid ; it  is  di- 
vided into  two  parts,  with  fmall  knobs  on  the  top  of  each ; the 
bafe  adheres  to  a bulb,  the  under  part  is  covered  with  fmall 
fcales. 


352.  Vorticella  Gemella. 


Vorticella  fimplex,  fphaerica,  capitulo  gemino.  Simple, 
(pherical,  with  a double  head. 

The  pedicle  is  long,  and  conftantly  furnilhed  with  two  little 
heads  at  it’s  apex  ; thefe  are  bright  and  clear. 
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353.  Vorticella  Pyraria. 

See  page  437  of  this  work. 

35 4.  Vorticella  Anaftatica. 

See  page  434  of  thefe  effays. 

355*  Vorticella  Digitalis. 

See  page  444  of  this  work. 

356.  Vorticella  Polypina.  Fig.  61,  Plate  XXVI. 

Vorticella  compofita,  ovato-truncata,  pedunculo  reflexili  ra- 
mofifTimo.  Compound  vorticella,  oval,  truncated,  with  a bend- 
ing branching  flalk. 

When  viewed  with  a fmall  magnifier,  they  appear  like  fo 
many  little  trees ; the  upper  part,  or  heads,  are  egg-lhaped,  the 
top  truncated,  the  lower  part  filled  with  inteftines ; the  branches 
are  thick  fet  with  little  knobs,  a the  trunk,  b the  branches,  c 
the  head  when  extended,  f the  fmall  knobs  thereon. 

357’  Vorticella  Racemofa. 

Vorticella  compofita,  pedunculo  rigido,  pedicellis  ramofifiimis 
longis.  Compound,  pedicle  rigid,  with  fmall  branched  long 
feet. 

To 
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To  the  naked  eye  it  appears  like  the  vorticella  focialis,  but  is 
diltinguilhed  from  it  by  always  adhering  to  the  fides  of  the  veflel 
in  which  it  is  placed.  On  examining  it  with  a magnifier,  a long 
very  fine  pedicle  is  perceived  flicking  to  the  fides  of  the  velfels, 
from  which  proceed  an  innumerable  quantity  of  cryflalline  pel- 
lucid pearls,  which,  together  with  the  ftalk,  are  varioufly  agita- 
ted in  the  water.  They  fometimes  move  feparately,  fometimes 
together,  are  fometimes  drawn  down  to  the  root,  and  in  a mo- 
ment again  expanded. 

XVII.  B RACHIONUS. 

Vermis  contraCilis,  tella  teCus,  ciliis  rotatoriis.  A worm  ca- 
pable of  contraCing,  covered  with  a (hell,  and  furnifhed  with 
rotatory  cilia. 

358.  Brachionus  Striatus.  Fig.  64  and  65,  Plate  XXVI. 

Brachionus  univalvis,  tella  ovata  llriata,  apice  fexdentata., 
bafi  integra,  cauda  nulla.  Univalved  brachionus,  the  Ihell  oval 
and  llriated,  fix  notches  or  teeth  round  the  upper  edge,  the  bale 
whole  or  even,  without  a tail. 

The  (hell  is  oblong,  pellucid,  and  capable  of  alterations  in  it’s 
figure.  The  apex  (a)  truncated,  with  fix  fmall  teeth  on  the  edge 
of  it,  twelve  longitudinal  llreaks  down  the  back,  the  bale  obtufe 
and  fmooth.  The  teeth  are  occafionally  either  protruded  or  re- 
traced ; on  the  other  fide  of  the  Ihell,  towards  the  tail,  there  are 
two  little  fpines  or  horns  (c). 

4 I 2 


The 


644 


Microscopical  Essays. 


The  animalculum  is  pellucid,  cryftalline,  and  mufcular,  often 
of  a yellow  colour ; from  the  apex  it  now  and  then  puts  forth 
three  little  bundles  of  playing  hairs,  the  two  lateral  ones  fhcrter 
than  the  middle  one ; a forked  deglutatory  mufcle  (e)  may  be 
perceived,  and  on  the  under  fide,  when  the  apex  is  drawn  in,  we 
difcover  two  rigid  points.  It  is  an  inhabitant  of  the  fea. 

359.  Brachionus  Squamula. 

Brachionus  univalvis,  tefta  orbicularis,  apice  truncata  quadri- 
dentata,  bafi  integra,  cauda  nulla.  Univalved  brachionus,  with 
an  orbicular  (hell,  the  apex  truncated,  and  having  lour  teeth, 
the  bafe  fmooth,  no  tail. 

. , 1 :/  j y J ; 1 1 1 i i i U i J ’ j ‘ . v . . J //  1 '/■  ; , : 1 y }q 

360.  Brachionus  Pala. 

Brachionus  univalvis,  tefta  oblonga  excavata,  apice  quadri- 
dendata,  baft  integra,  cauda  nulla.  Univalved  brachionus,  with 
an  oblong  excavated  {hell,  four  long  teeth  at  the  apex,  the  bafe 
fmooth,  no  tail.  It  is  of  a yellow  colour. 

361.  Brachionus  Bipalium. 

Brachionus  univalvis,  tefta  oblonga  inflexa,  apice  decemden- 
tata,  bafi  integra,  cauda  fpuria.  Univalved  brachionus,  the  (hell 
oblong  and  infle&ed,  ten  teeth  at  the  apex,  the  bafe  fmooth,  a 
fpurious  tail. 
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362.  Brachionus  Patina. 

Brachionus  univalvis,  tefta  orbiculari  integra,  cauda  mutica. 
Uni valved  brachionus,  with  an  orbicular  (hell,  the  edges  regular, 
and  having  a long  beardlefs  tail. 

This  animalculnm  is  large,  the  (hell  cryftalline.  nearly  circular, 
wi’houv  any  tee:h  or  incifion,  though  towards  the  apex  it  rather 
fall,  in,  fo  a to  form  a fmooth  notch.  This  little  creature  is  re- 
markably bright  ot  fplendid  ; it  is  affixed  to  the  middle  of  the 
fliell  ; it  pro  jetfs  from  the  apex  a double  glittering  organ,  the 
edges  of  which  are  ciliated  ; both  thefe  organs  are  of  a conical 
figure,  and  hand  as  it  were  upon  a pelkictd  hub  ance,  which  is 
divided  into  two  lobes  r bciween  thefe  lohes  and  the  rotatory  in- 
flrument  there  is  a fiver-coloured  crenulated  membrane ; two 
fmall  claws  may  be  dilcovered  near  the  mouth  and  other  organ- 
ized parts. 

363.  Brachionus  Clypeatus. 

Brachionus  univalvis,  tefta  oblonga,  apice  emarginata,  bafi 
integra,  cauda  mutica.  Univalved  brachionus,  the  fliell  oblong, 
the  apex  notched,  the  bafe  fmooth,  the  tail  naked. 

364.  Brachionus  Lamellaris. 

Brachionus  univalvis,  tefta  produ&a,  apice  integra,  baft  tri- 
corni,  cauda  bipili.  Univalved  brachionus,  the  fhell  extending 

conlider- 


6^6 


Microscopical  Essays. 


confiderably  beyond  the  body,  the  bafe  divided  into  three  fmali 
horns,  at  the  end  of  the  tail  there  ar£  two  hairs. 

365.  Brachionus  Patella. 

Brachionus  univalvis,  tefta  ovata,  apice  bidentata,  bafi  emar- 
ginata,  cauda  bifeta.  Brachionus  with  a univalve  oval  (hell,  two 
teeth  at  the  apex,  the  bafe  notched,  two  bridles  at  the  tail. 

The  (hell  plain,  oval,  orbicular,  crydalline,  the  anterior  part 
terminating  in  two  acute  points  on  both  fides,  though  the  head 
of  the  animal  for  the  mod  part  fills  up  the  intervening  fpace. 

The  head,  the  tail,  and  the  trunk  are  very  didinft ; the  bottom 
of  the  trunk  is  terminated  in  a femicircle,  the  fore-part  marked 
with  two  tranfverfal  lines  ; it  occupies  the  difc  of  the  fhell.  The 
intedines  are  indidinCt,  the  tail  is  affixed  to  the  trunk  ; it  is 
fhort,  annulated,  dexible,  the  middle  projecting  beyond  the 
fhell,  the  apex  diverging  into  two  very  fine  bridles  (g);  it  fadens 
itfelf  by  thefe,  and  whirls  about  with  the  body  ere£l ; the  rota- 
tory cilia  (c)  are  with  great  difficulty  perceived.  Found  in 
marfhy  water  all  the  winter. 

3 66.  Brachionus  BraCtea. 

Brachionus  univalvis,  teda  fuborbiculari,  apice  lunata,  bad 
integra,  cauda  fpina  duplici.  Univalved  brachionus,  the  fhell 
rather  orbicular,  the  apex  lunated,  the  bafe  fmooth,  the  tail  fur- 
id  fhed  with  two  fpines. 
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367.  Brachionus  Plicatilis. 

Brachionus  univalvis,  tefla  oblonga,  apice  crenulata,  bafi 
emarginata.  Univalved  brachionus,  with  an  oblong  {hell,  the 
apex  hairy,  the  bafe  notched. 

* 

368.  Brachionus  Ovalis. 

Brachionus  bivalvis,  teffa  deprefla,  apice  emarginata,  bafi  in- 
cifa,  cauda  cirro  duplici,  Bivalved  brachionus,  with  a flattened 
{hell,  the  apex  notched,  a hollow  part  at  the  bafe,  the  tail  form- 
ed of  two  tufts  of  hair. 


369.  Brachionus  Tripos.  Fig.  59,  Plate  XXVI. 

Brachionus  bivalvis,  tefla  apice  mutica,  bafi  tricorni,  cauda 
duplici.  Bivalved,  the  apex  of  the  fhell  beardlefs,  three  horns  at 
the  bafe,  double  tail. 

The  body  is  pellucid,  nearly  triangular,  bivalved,  open  on  the 
back  of  the  animalculum ; from  the  orifice  two  little  laminae  pro- 
ceed, that  are  larger  than  the  rotatory  cilia ; at  the  bottom  are 
three  or  four  fliff  points  e f a,  and  a moveable  tail  (g)  between 
them,  divided  into  two  filaments,  which  the  little  creature  opens 
and  {huts  at  pleafure ; by  thefe  it  fixes  itfelf  to  objects,  a the  late- 
ral cilia,  b two  fmall  laminae,  c a deglutatory  mufcle,  e an  opake 
maf* 
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370.  Brachionus  Dentatus. 

Brachionus  bivalvis,  teda  arcuata,  apice  et  bafi  utrinque  den- 
tata,  cauda  fpina  duplici  Bivalved  brachionus,  with  an  arched 
(hell,  the  apex  and  the  bafe  are  both  toothed,  the  tail  formed  of 
two  fpines. 


371.  Brachionus  Mucronatus. 

Brachionus  bivalvis,  fubquadrata,  apice  et  bafi  utrinque  mu- 
cronata,  cauda  fpina  duplici.  Bivalved,  fomewhat.  of  a fquare 
form,  the  bafe  and  apex  pointed,  the  tail  confiding  of  two  fpines. 

372.  Brachionus  Uncinatus.  Fig.  55,  Plate  XXVI. 

Brachionus  bivalvis,  teda  ovali,  apice  integra,  bafi  mucronata,* 
cauda  rugofa  bifeta.  Bivalved  brachionus,  with  an  oval  fhell, 
the  apex  even,  the  bafe  pointed,  two  thick  bridles  for  the  tail. 

This  is  one  of  the  fmalled  bivalved  animalcula,  the  apex  and 
anterior  part  round,  the  hinder-part  drait,  terminating  in  a point, 
mufcular,  furnilhed  with  a hook  on  the  fore-part,  a fmall  rotatory 
oigan,  a tail  compofed  of  joints,  long,  and  cloven  at  the  end  into 
two  bridles,  it  can  open  it’s  fhell  both  at  the  fore  and  hind-part, 
a the  d ell  when  dole,  c the  pofterior  point,  d the  aaimalculum, 
h the  tail,  i the  bridles. 
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373.  Brachionus  Cirratus. 

Brachionus  capfularis,  tefla  apice  produfla,  bafi  curti,  bicorni, 
cauda  bifeta.  Larger  than  the  preceding,  ventricofe,  fomewhat 
pellucid,  the  head  conical,  on  both  Tides  of  which  is  a bundle  of 
hairs ; it  has  alfo  a rotatory  organ. 

374.  Brachionus  PafTus. 

Brachionus  capfularis,  tefla  cylindracea,  frontis  cirris  binis 
pendulis,  fetaque  caudali  unica.  Capfular  brachionus,  in  a cylin- 
dric  fhell,  two  long  pendulous  locks  of  hair  proceed  from  the 
front,  the  tail  confifls  of  a Tingle  bridle. 

375.  Brachionus  Ouadratus. 

Brachionus  capTularis,  tefla  quadrangula,  apice  bidentata,  bah 
bicorni,  cauda  nulla.  Capfular  brachionus,  in  a quadrangular  , 
fhell,  with  two  fmall  teeth  at  the  apex,  two  horns  proceed  from 
the  bafe,  it  has  no  tail. 

376.  Brachionus  Impreffus. 

Brachionus  capfularis,  tefla  quadrangula,  apice  integra,  bafi 
obtufi  emarginata,  cauda  flexuofa.  Capfular  brachionus,  the 
fhell  quadrangular,  the  apex  fmooth  or  undivided,  the  bafe  ob- 
tufe,  the  margin  notched,  the  tail  flexuous  or  bending. 
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377.  Brachionus  Urceolaris. 

Ffg,  56  and  57,  Plate  XXVI.  and  Fig.  36,  37,  38,  Plate  XXIF. 

For  a full  defcription  of  this  fee  page  448. 

378.  Brachionus  Bakeri.  Fig.  58,  Plate  XXVI. 

Brachionus  capfularis,  tefta  ventricofa,  apice  quadridentata, 
bafi  bicorni,  cauda  longa,  bicufpi.  Capfular  brachionus,  the 
fhell  ventricofe,  four  teeth  at  the  apex,  two  horns  at  the  bafe, 
the  tail  long,  and  terminating  in  tw©  fhort  points. 

This  differs  confiderably  from  the  foregoing  in  the  fhape  of  the 
fhell,  from  each  fide  of  which  there  is  a curved  proje&ion  in- 
clining towards  the  tail,  nearly  of  the  fame  length  with  it,  and 
terminating  in  a point.  The  upper  part  alfo  of  the  fhell  is  of  a 
different  form,  having  in  general  four  longer  fpiculae,  and  two 
fhorter  ones.  From  the  head  two  arms,  or  branches,  are  fre- 
quently extended  ; the  circular  end  of  each  is  fumifhed  with  a 
border  of  little  hairs,  which  one  while  move  in  a vibratory  man- 
ner, at  another  time  they  have  a rotatory  motion.  The  eggs  are 
either  affixed  to  the  tail,  or  the  curved  part  of  the  fhell ; they 
have  from  one  to  five  hanging  from  them.  Mr.  Muller  has  fur- 
ther difcovered  two  fmall  feelers,  and  a kind  of  tongue  to  this 
little  creature,  a the  rotatory  organ,  b the  tongue,  c the  feelers* 
d a ciliated  part  on  the  fide  of  the  fhell. 
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379.  Brachionus  Patulus. 


Brachionus  capfularis,  tefta  ventrofa,  apice  oftodenlata,  baft 
lunata  quadricorni,  cauda  brcvi  bicufpi.  Capfular  brachionus, 
the  (hell  ventrofe,  eight  teeth  at  the  apex,  the  bafe  Iunated  or 
hollowed  into  the  form  of  a crefcent,  and  furnifhed  with  four 
•horns,  the  tail  fhort,  with  two  fmall  points  at  the  end. 
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CHAP.  IX. 


On  the  Organization  or  Construction  of  Timber, 
as  viewed  by  the  Microscope. 

H E fubjedt  of  the  following  chapter  opens  an  extenfive 
•*'  field  of  obfervation  to  the  naturalift,  in  which  the  labour  of 
a life  may  be  well  employed : it  is  a branch  where  the  obferver 
will  find  the  microfcope  of  continual  ufe,  and  without  which  he 
will  fcarce  be  able  to  form  any  juft  idea  of  the  organization  of 
trees  and  plants,  of  the  variations  in  the  difpofition,  the  number, 
nature,  and  offices  of  the  feveral  parts  thereof. 

Malphigi,  Grew,  Duhamel,  Hill,  Bonnet,  and  De  Sauffure, 
are  almoft  the  only  writers  who  have  treated  on  this  fubjeft;  and 
if  we  confider  the  imperfeftion  of  the  inftruments  ufed  by  fome 
in  thofe  anatomical  refearches,  and  the  little  attention  paid  by 
the  reft  to  the  advantages  their  favorite  purfuits  might  have  de- 
rived from  the  ufe  of  the  microfcope  and  the  differing  knife,  we 
have  rather  more  to  wonder  at  what  has  been  done,  than  at  what 
remains  to  be  performed.  One  reafon  that  our  knowledge  of  the 
fubjeft  of  this  chapter  is  fo  circumfcribed,  is  the  general  inatten- 
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tion  to  the  ftruHure  of  plants ; to  this,  among  other  caufes,  we 
may  alfo  afcribe  the  inffability  and  flu&uation  of  the  different 
theories  on  the  principles  of  vegetation.  We  are,  however,  fo 
little  acquainted  with  the  fteps  which  Providence  takes  to  lead  in- 
telleflual,  but  free  agents,  to'  the  knowledge  of  truth,  and  the 
various  difficulties,  errors,  and  prejudices  that  muff  be  removed 
before  it  can  fhine  in  it’s  native  .colours,  that  it  is  our  duty  to  en- 
courage every  humble  effort  towards  the  advancement  of  fcience, 
that  thus  we  may  co-operate  with  our  Creator  and  Redeemer  in 
promoting  that  vaff  plan  to  which  all  things  are  now  converging, 
the  bringing  all  his  creatures  to  a ftate  of  truth,  goodnefs,  and 
confequent  happinefs,  an  end  worthy  of  the  belt  and  wifeff  of 
beings.* 

O 

As  Dr.  Hill  is  the  firft  writer  who  has  treated  this  part  of 
natural  hiftory  in  an  orderly  and  fcientific  manner,  I (hall  ufe  the 
names  he  has  adopted  for  characterizing  the  different  parts  of 
trees,  &c.  which  are,  3.  the  rind;  2.  the  bark;  3.  the  blea ; 
4.  the  wood;  5.  the  corona  or  circle  of  propagation;  6.  the 
pith.  Thefe  are  placed  immediately  within  or  under  one  ano- 
ther; they  are  the  eflential  parts  upon  which  the  ftrength  of  the 
tree  depends : in,  among,  and  between  thefe,  the  various  veffels 
are  placed,  which  nourifh  the  whole,  and  maintain  and  carry  on 
the  vegetation  of  the  tree,  and  from  which  it  obtains  it’s  peculiar 
qualities  and  virtues.  Thefe  veffels  are  of  five  kinds. 


Juice 


* See  the  Bifhop  of  Exeter’s  Sermon  before  the  Society  for  the  Propagation  of  the 
Gofpel. 
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Juice  Vessels. 

i.  The  exterior  veflels,  placed  between  the  rind  and  the  bark, 
j 2.  The  interior,  in  the  fubftance  of  the  bark, 
h 3.  The  intimate,  in  the  fubftance  of  tlie  blea. 
ftp  The  fap  veflels,  in  the  fubftance  of  the  wood. 

5.  The  coronal,  in  the  corona. 

More  accurate  inftruments,  er  a more  minute  invefligation  of 
the  parts,  may  probably  difcover  new  veflels,  in  a fyftem  which 
appears  to  be  entirely  vafcular,  and  bring  11s  more  thoroughly 
acquainted  with  the  nature  of  vegetation. 

Of  the  Rind. 


The  exterior  covering  of  all  trees  is  a thin,  dry,  parched  fub- 
fiance,  which  has  been  compared  by  many  writers  to  the  fkin  of 
animals,  and  called  by  names  analogous  thereto ; thus  it  is  called 
the  epidermis  by  Duhamel,  the  fkin  by  Grew,  the  rind  by  Hill. 

When  a tree  is  full  of  fap,  this  membrane'  may  be  eafily  de- 
tached from  the  part  it  covers ; it  may  be  feparated  from  green 
branches  which  are  not  in  fap,  by  boiling  them  in  water  ; large 
pieces  of  it  may  alfo  be  obtained  from  rotten  branches  ; the  rind 
of  the  leaves  of  many  trees  is  detached  with  Angular  dexterity 
from  the  other  parts,  by  fome  of  the  mining  caterpillars ; artificial 
methods  for  effefting  this  purpofe  have  been  defcribed  in  page 
159  of  this  work.  Though  the  rind  may  at  ftrfl  fight  be  thought 
to  be  of  little  ufe,  it  will  be  found  to  be  a principal  organ  in  the 
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procefs  of  vegetation ; the  part  which  covers  the  root  has  the 
moft  important  offices  affigned  to  it. 

Many  are  of  opinion  that  the  rind  is  formed  of  dried  veficula ; 
and  Malphigi  fays,  that  we  may  fee  in  the  vafcular  texture  of  the 
bark  of  the  cherry  and  plumb  trees  an  arrangement  of  the  parts 
proper  to  form  the  rind,  and  this  arrangement  is  occafioned  by 
the  endeavour  of  die  vafcular  part  to  extend  itfelf  to  the  circum- 
ference, and  the  refinance  it  meets  with  from  the  rind  ; and  that 
hence  the  veffels  are  flattened,  and  a-ffume  a membranaceous 
form. 

The  rind  is  a general  covering  to  the.  young  trunks  of  trees,  to 
the  branches,  the  roots,  the  leaves,  the  fruit,  the  flowers,  &c. 
Upon  the  trunks  of  large  trees  fome  pieces  only  of  the  rind  are  to 
be  found,  having  probably  been  broke  by  the  increafed  fize  of 
the  tree.  The  rind  of  fome  fpecies  of  trees  will  bear  being 
flretched  much  further  than  thofe  of  others,  and  remain  for  a 
confiderable  time  uniformly  fpread  over  the  bark.  Duhamel 
afferts,  that  the  rind  of  vigorous  healthy  trees  remains  longer 
whole  than  on  thofe  that  are  more  languid,  notwithflanding  that 
the  growth  of  the  lafl  is  flower,  and  therefore  makes  lefs  efforts 
againft  the  rind.  This  circumffance  is  much  in  favour  of  the 
diflindt  organization  of  the  rind,  and  againfl  the  opinion  of  thofe 
who  only  fuppofe  it  to  confifl  of  dried  bladders. 

Thin  as  the  rind  is,  it  is  formed  of  many  coats,  adhering  clofely 
to  each  other,  which  in  fome  fpecies  may  be  feparated  with  eafe,. 
in  others  with  difficulty.  Duhamel  fays,  that  he  has  divided  the 
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rind  of  the  birch  into  fix  diftinfl  coats,  and  that  he  had  no  doubt 
but  what  the  divifion  might  have  been  carried  much  further. 
Dr.  Hill  fays,  that  unlefs  fome  of  thefe  coats  are  obtained  in  a 
hate  of  feparation  from  the  red,  the  true  conftruflion  of  the  rind 
cannot  be  aifcovered,  for  the  connexion  and  form  of  the  parts  is 
loft  by  the  confufion  in  which  they  appear  while  they  lie  one 
upon  another. 

The  following  experiments  may  throw  a little  light  upon  this 
obfcure  fubjeft.*  All  the  rind  was  taken  from  the  trunk  of  a 
cherry  tree,  and  the  tree  thus  fkinned,  expofed  to  the  air,  a part 
of  the  bark  which  was  next  to  the  rind  dried  up  and  exfoliated  ; 
% the  part  next  to  this  did  the  fame  ; after  two  or  three  exfoliations, 
a farinaceous  fubftance  covered  the  fuperficies  of  the  trunk,  foon 
after  which  a new  rind  appeared.  Some  pieces  of  rind  were 
taken  from  a few  young  branches,  and  the  wounds  were  covered 
with  a cloth  that  had  been  foaked  in  wax  and  turpentine ; on  thefe 
the  rind  appeared  in  a very  little  time,  without  any  apparent  ex- 
foliation. From  fome  other  branches,  not  only  the  rind,  but  a 
part  of  the  bark,  was  alfo  taken  away,  and  the  wounds  covered  as 
befofe ; a flight  exfoliation  was  obferved  here,  which  was  foon 
followed  with  a new  rind.  The  bark  was  taken  entirely  off'  from 
a vigorous  cherry-tree,  while  it  was  in  full  fap,  fo  that  the  wood 
appeared  the  whole  extent  of  the  trunk.  This  was  protedled 
from  the  rays  of  the  fun,  and  from  the  air.  A new  bark  and 
rind  formed  themfelves  upon  the  trunk,  but  they  did  not  originate 
from  the  bark  that  was  left  on  the  branches  and  the  root,  but 
extended  from  different  fpots,  which  were  firft  formed  at  con- 
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fiderable  diftances  from  each  other.  After  a lapfe  of  fifteen 
years,  this  new  rind  did  not  appear  like  the  natural  rind  of  the 
cherry-tree.  From  thefe  experiments  we  learn,  that  the  rind  re- 
generates more  readily  in  fome  cafes  than  in  others,  and  that  it 
preferves  and  prevents  in  a degree  the  bark  from  becoming  dry 
too  foon,  and  in  confequence  thereof  exfoliating. 

Aided  by  the  microfcope,  a number  of  luminous  points  may 
be  difcovered  in  the  rind ; * thefe  are  fo  many  minute  holes  for 
other  purpofes  of  tranfpiration.  In  the  cane  thefe  holes  are  vifible 
to  the  naked  eye.  A few  oval  holes  may  alfo  be  perceived  in  it ; 
thefe  are,  however,  no  more  than  a feparation  of  the  parts,  oc- 
cafioned  by  the  extenfion  of  the  vafa  interiora. 

Dr.  Grew  fuppofed  the  rind  to  be  formed  of  fmall  veficles,  or 
bladders,  cluftered  together,  and  intermixed  with  lignous  fibres 
or  veffels,  which  run  through  the  length  of  the  rin  1 ; thefe  are 
conjoined  by  other  tranfverfe  ones,  but  that  as  the  rind  dries,  the 
bladders  or  blebs  fhrink  up  and  difappear.  This  account  does 
not  differ  much  from  that  of  Dr.  Hill,  who  fays,  that  the  rind  is 
formed  of  a ieries  of  longitudinal  velfels,  and  a filmy  fubftance 
between  them,  which,  when  viewed  in  a tranfverfe  feftion,  form 
fmall  c.rcles,  the  tides  of  which  are  fupported  and  made  up  of 
thefe  longitudinal  fibres  ; that  the  tranfverfe  veffels  are  only  a de- 
ception, occafioned  by  the  fpaces  between  part  and  part  of  the 
film.  The  mode  of  obtaining  an  accurate  view  of  the  organiza- 
tion of  this  part,  by  conveying  coloured  liquors  into  the  feveral 
veffels  thereof,  has  been  already  defcribed  in  page  162  of  thefe 
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effays ; by  this  means,  together  with  the  microfcope,  we  find  that 
the  vefTels  are  every-where  pierced  with  fmall  dots,  or  openings  ; 
of  the  ufe  of  thefe  the  following  conje6lures  have  been  formed.* 

The  root,  which  is  equal  in  furface  to  a third  part  of  the  tree 
above  ground,  is  covered  with  a pierced  rind.  The  cold  of 
winter  contrafts  the  whole  of  this,  the  parts  are  drawn  clofer  to- 
gether, and  the  mouths  of  thefe  innumerable  veflels  are  fhut,  or 
nearly  fo,  by  this  contradtion ; a very  little  of  the  half  congealed 
moiflure  of  the  ground  gets  into  them,  but  this  fufhces  for  the 
fervice  of  the  tree,  when  there  is  little  heat  to  caufe  any  perfora- 
tion, and  at  a time  when  in  the  deciduous  trees,  the  very  organs 
of  the  greatefl  perfpiration,  the  leaves,  do  not  exifh 

The  warmth  of  fpring  arrives,  the  fluids  of  the  earth  grow 
thinner,  every  part  of  the  root  expands ; this  opens  the  mouths  of 
the  veflels,  and  the  torrent  of  nutrition  ruflies  in.  By  this  means, 
every  coat  of  the  rind,  and  the  interftitial  fpaces  thereof,  are  ren- 
dered fupple,  and  may  be  eafily  feparated  from  the  under 
coverings.. 

In  roots  the  colour  of  the  rind  varies  very  much,  being  white 
in  lome,  brown  in  others,  &c.  Every  root,  according  to  Grew, 
after  it  has  arrived  at  a certain  age,  has  a double  fkin,  the  one 
coeval  with  the  other  parts,  and  exifls  in  the  feed : a ring  is  aiter- 
wards  fent  off  from  the  bark,  which  forms  the  fecond  fkin  ; thus 
in  the  root  of  dandelion,  towards  the  end  of  May,  the  original  or 
outer  fkin  appears  fhrivelled,  and  is  eafily  feparated  from  the  new 
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one,  which  is  frefher,  and  adheres  more  firmly  to  the  bark. 
Perennial  plants  are  fupplied  in  this  manner  with  anew  fkin  every 
year  ; the  outer  one  always  falls  off  in  the  autumn  and  winter, 
and  a now  one  is  formed  from  the  bark  in  the  fucceeding  fpring. 

Or  the  Vessels  which  are  contained  between  the 
Rind  and  the  Bark. 

Thefe  are  called  by  Duhamel  the  cellular  coat,  (enveloppe 
cellulaire)  by  Hill  the  exterior  veffels,  and  the  vafa  propria 
exteriora. 

It  has  been  already  obferved,  that  in  trees  the  juice  veffels,  or 
vafa  propria,  do  not  form  thofe  conftituent  parts  of  the  wood  of 
which  the  timber  confifts,  but  that  it  is  from  the  nature  of  thefe 
recipient  veffels  that  it  derives  it’s  virtues,  qualities,  and  fpecific 
properties.*  A tree  may  grow,  live,  and  give  fhade  without 
them ; but  on  thofe  it’s  peculiar  charafter  and  decided  virtues 
depend  ; thefe  are  greateft  where  the  vafa  propria  are  largeft  or 
moll  numerous,  and  where  we  do  not  find  thefe,  we  fcarce  find 
any  thing  that  will  affedt  the  tafte  or  the  fmell.  There  are  different 
ranges  of  thefe  veffels  between  the  feveral  parts,  each  of  which 
has  it’s  allotted  place,  it’s  peculiar  form,  it’s  different  ftruHure, 
and  it’s  feparate  ufe.  Many  trees  have  them  in  all  their  parts, 
others  only  in  fome  of  them,  while  others  do  not  exhibit  any. 

■i 

On  taking  off  the  rind,  we  find  a fubftance  of  a deep  green 
“■colour,  fucculent  and  herbaceous,  formed  of  a prodigious  number 
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prived  of  the  bark;  becaufe  they  have  rays  of  the  fame  fubllance 
within,  which  anfwer  the  purpofe,  and  this  in  a degree  anfwering 
to  the  nature  of  their  life. 

The  bark  appears  to  be  formed,  firft,  of  longitudinal  fibres, 
which  Duhamel  confiders  as  fo  many  lymphatic  velfels  ; fecond- 
ly,  by  a kind  of  a filmy  cellular  tiffue,  which  have  been  confider- 
ed  as  a kind  of  bladders  by  feme,  or  as  parenchymous  by  others; 
thirdly,  of  the  vafa  propria  interiora,  or  interior  juice  veffels. 

The  longitudinal  fibres  are  difpofed  in  ftrata,  which  lie  one 
over  the  other.  In  that  ftratum  which  is  next  the  rind,  or  rather 
the  cellular  coat,  we  perceive  a net  of  longitudinal  fibres,  the 
melhes  of  which  are  large  and  eafily  diftinguifhed,  particularly 
when  the  cellular  tiflue  that  fills  up  the  interftices  is  removed.  To 
do  this,  the  branches  fhould  be  macerated  for  a confiderable 
time ; fome  require  to  be  kept  in  this  ftate  for  years.  It  will 
then  be  eafy  to  feparate  firlt  the  rind,  then  the  cellular  coating, 
and  afterwards  this  pulpy  matter.  It  may  fometim.es  be  eafily  re- 
moved after  the  branches  have  been  boiled. 

The  molt  exterior  firatum,  when  examined  by  the  naked  eye, 
feems  to  be  formed  of  fimple  fibres,  which  graft,  folder,  or 
anaftomofe  one  with  the  other  ; but  when  examined  by  a micro- 
fcope,  each  of  thefe  fibres  will  be  found  to  be  a bundle  of 
filaments,  which  may  be  eafily  feparated'from  each  other. 

Grew  fays,  that  each  filament,  like  the  nerves  in  animals, 
confilts  of  twenty  or  thirty  fmall  contiguous  tubes,  which  run 
uniformly  from  the  extremity  of  the  root,  without  fending  off’ any 
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branches,  or  fuffering  any  change  in  their  fize  and  fhape.  Hence 
the  bark  may  be  tore  or  divided  lengthways,  with  greater  eafe 
than  in  an  horizontal  dire&ion  ; when  macerated,  they  are  capa- 
ble of  a very  great  degree  of  fubdivifion. 

The  filaments  of  a cortical  velfel  are  to  be  looked  on  (agreea- 
ble to  what  we  have  already  obferved)  as  fo  many  little  bundles 
placed  near  together,  and  at  firft  growing  parallel  to  each  other ; 
but  foon  quitting  this  direction,  the  filaments  of  one  fafcicle  part- 
ing from  that  to  which  they  originally  belonged,  and  inclining 
more  or  lefs  obliquely  towards  another,  fometimes  uniting  yith 
it,  at  others  bending  backwards,  and  uniting  again  with  that  from 
which  it  proceeded,  or  with  fome  one  that  it  meets  with.  In  this 
manner  new  fafcicles  are  often  formed,  while  other  parcels  are 
increafed  or  diminifhed  by  the  additions  of  new  filaments;  by 
this  means,  a kind  of  irregular  net  is  formed,  and  the  fibres  pro-  - 
ceed  in  a ferpentine  line  from  the  top  to  the  bottom  of  the  tree.  . 

The  thicknefs  of  the  bark  is  entirely  formed  of  ft  rat  a of  thefe 
longitudinal  fibres,  which  lie  one  over  the  other;  each  of  thefe 
ftrata  is  ftmilar  to  the  exterior  one,  only  the  melhes  are  fmaller, 
and  the  fibres  finer,  in  proportion  as  they  are  more  interior,  in- 
fomuch  that  at  laft  the  mefhes  are  almoft  annihilated,  and  the 

fibres  feem  to  lie  quite  parallel  to  each  other. 

« 

There  are  fome  trees,  however,  where  the  mefhes  are  not  vifible, 
and  in  which  the  fibres  lie  quite  in  a ftrait  direction.  There  are  • 
many  other  circumftances  in  which  they  vary  in  different  trees ; 
in  fome  the  mefhes  of  each  ftratum  correfpond  with  each  other, 
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diminifhing  gradually  in  fize  as  they  are  more  interior,  and  form- 
ing as  it  were  fo  many  conical  cells. 

We  may,  I think,  conclude  from  what  has  been  faid,  that  the 
bark  is  compofed  of  feveral  thin  membranes,  which  extend  over 
the  whole  exterior  furface  of  the  tree.  The  molt  exterior  mem- 
brane is  the  rind;  under  this  is  what  Duhamel  calls  the  cellular 
coat ; next  to  this  the  cortical  ftratum  or  true  bark  of  the  tree, 
which  is  formed  of  lymphatic  velfels  ranged  more  or  lefs  in  a 
reticular  form,  and  of  the  vafa  propria  interiora.  The  mefhes 
are  fo  conftituted  as  to  form  large  cavities  next  the  rind,  and 
fmall  ones  near  the  wood.  Thefe  cavities  are  filled  with  a 
parenchymous  fubftance  or  the  cellular  tiffue,  which  being  con- 
tinued from  the  wood  to  the  rind,  joins  and  unites  the  cortical 
ftratum,  and  afterwards  fpreading  on  the  outfide  thereof,  forms 
-what  has  been  termed  the  cellular  coat. 

Of  the  Cellular  Tissue. 

We  now  proceed  to  give  fome  account  of  the  fubftance  which 
fills  up  the  vacant  fpaces  that  are  left  between  the  longitudinal 
fibres.  It  is  called  by  Grew  the  parenchyma  or  pulp,  by  Mal- 
phigi,  the  vehicular  tiftue  or  web ; both  of  them  confider  it  as 
formed  of  fmall  bladders  or  reticules,  that  are  in  contadl  with 
each  other,  lying  in  an  horizontal  pofition,  or  at  right  angles  to 
the  longitudinal  fibres  : they  do  not  fuppofe  them  to  be  all  of  the 
fame  fize,  or  even  of  the  fame  figure : Grew  compares  it  to  the 
froth  of  beer  or  eggs.  The  flefh  of  fruits  confifts  for  the  molt 
part  of  this  fubftance,  very  much  filled  with  juice,  though  with 
confiderabie  difference  in  it’s  organization..  Be  this  as  it  may, 
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the  nature  of  this  fubftance,  it’s  form  and  ftru&ure,  are  at  prefent 
but  very  little  known.  It  is  floccofe,  and  varies  in  colour  in 
different  fpecies. 

Of  the  Vasa  Propria  Interiora. 

Befides  the  lymphatic  veflels  and  the  cellular  fubftance,  we 
find  the  juice  veffels,  or  vafa  propria,  in  the  bark.  In  thofe  trees 
which  are  famous  for  medicinal  virtues,  they  are  ufualiy  very 
large  ; they  carry  the  milky  juices  of  the  fumach,  and  in  them  is 
lodged  the  fmeft  and  higheft-flavoured  turpentine  in  all  the  kinds 
of  pine.  Dr.  Hill  thinks  that  a tree  of  that  genus  exhibits  them 
beft,  and  the  more,  as  the  turpentine  which  fills  them  may  be 
perfe&ly  diftolved  in  fpirit  of  wine.  The  pinus  orientalis  is  the 
fpecies  in  which  thefe  veffels  are  mo  ft  diftin&ly  feen. 

Of  the  Blea. 

This  is  that  part  of  the  tree  which  is  forming  into  wood,  and 
therefore  lies  between  it  and  the  bark,  and  may  be  feparated  from 
them  by  maceration. 

A longitudinal  piece  of  the  blea,  when  examined  by  the 
microfcope,  exhibits  a number  of  veflels  running  parallel  to  each 
other,  the  interftitial  fpaces  being  filled  with  a floccofe,  white, 
formlefs  fubftance,  of  which  Dr.  Hill  fufpe&s  even  the  veffels 
themfelves  to  be  formed.  Innumerable  fmall  openings,  or 
mouths,  may  be  difcovered  in  thefe  veflels,  fuited  to  imbibe  the 
moiflure  which  is  fo  eftential  to  the  life  and  health  of  plants. 
A hefe  mouths  cannot  be  well  difcerned,  except  when  they  are 
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opened  by  the  feafon  of  the  year,  either  before  the  firft  leaves  of 
fpring,  or  in  the  midfummer  (hooting  time  ; though  a final!  quan- 
tity of  moiflure  will  keep  them  open  at  that  time,  yet  no  quaj> 
tity  would  be  fufficient  at  an  improper  feafon.* 

The  blea  is  a zone  more  or  lefs  perfefr,  which  lies  under  the 
bark,  and  covers  or  furrounds  the  wood,  and  is  principally  didin- 
guilhed  from  it  by  being  lefs  denfe.  In  fome  fpecies  the  difference 
between  the  blea  and  the  wood  is  very  remarkable,  in  others  it  is 
lefs  fo. 

The  ancient  botanids,  flruck  with  the  difference  they  obferved 
between  the  wood  and  the  blea,  compared  this  fubdance  to  the 
fat  in  animals.  Malphigi,  Grew,  and  Duhamel  confider  it  as 
the  wood  not  yet  arrived  to  a date  of  perfeblion.  It  is  organized 
in  a manner  fimilar  to  the  wood,  and  poffeding  the  fame  veffels, 
difpofed  nearly  in  the  fame  manner.  The  juice  veffels  of  this 
part  may  be  feparated  from  it  by  maceration ; Dr.  Hill  fays,  that 
in  this  date  they  appear  perfe£l  cylinders,  with  thick  white  coats ? 
the  furface  perfectly  uniform. 


Of  the  Wood. 

When  the  bark  and  the  blea  is  taken  away,  we  come  to  the 
'wood,  which  is  a folid  fubdance,  on  which  the  drength  of  the 
tree  depends,  and  which  has  been  confidered  by  naturalids  as 
being  to  the  tree  what  bones  are  to  the  animal.  The  wood,  in  a 
general  view,  may  be  confidered  as  formed  of  drata,  which  are 
inclofed  one  within  the  other  •,  thefe  drata  confid  of  lignous 
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fibres  or  lymphatic  veflels,  the  cellular  web  or  tiflue,  vafa  pro- 
pria, and  what  have  been  called  the  air  veflels.  It  is  more  difficult 
to  inveftigate  the  conflru&ion  of  the  wood  than  that  of  the  other 
parts,  becaufe  the  texture  is  in  general  much  harder,  and  there- 
fore not  fo  eafily  feparated,  requiring  very  long  macerations,  and 
many  fubje&s,  before  one  may  be  found  fit  for  examination. 

If  we  examine  a tranfverfe  feftion  of  almoft  any  kind  of  wood, 
we  fhall  perceive  thefe  flrata  very  clearly  and  fenfibly  diftinguifh- 
ed  from  one  another.  It  has  been  generally  fuppofed,  that  each 
of  thefe  is  the  produft  of  one  years  growth ; though  if  we  cut  the 
fame  wood  obliquely,  we  fhall  perceive  that  each  of  thefe  flrata 
is  compounded  of  fmaller  ones,  which  are,  therefore,  not  fo  eafy 
to  difcover  as  the  larger.  By  macerating  rotten  pieces  of  trees, 
the  wood  may  be  divided  into  an  immenfe  number  of  leaves,  or 
flrata,  thinner  than  the  fineft  paper. 

If  the  foregoing  flrata  are  examined  in  their  detached  ftate  by 
the  microfcope,  we  fhall  find  them  to  be  compofed  of  longitu- 
dinal fibres ; fome  pieces  of  rotten  wood,  after  maceration,  will 
divide  of  themfelves  into  very  fine  longitudinal  fibres ; the  exift- 
ence  of  thefe  is  further  proved  by  the  facility  with  which  wood 
may  be  fplit  in  the  direftion  of  thefe  fibres.  From  hence  we 
may  colleft,  that  the  lignous  flrata  are  formed  of  fmall  fibres  or 
veflels,  collected  together  in  fafcicles,  like  the  bark : in  fome 
trees  they  are  parallel  to  each  other,  in  others  they  are  difpofed 
more  obliquely,  eroding  and  forming  an  irregular  kind  of  net- 
work. There  is  great  probability  that  this  reticular  difpofition 
exifls  in  all  trees,  though  it'may  be  difficult  to  difcover  it  in  many 
* 4 M 2 on 
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on  account  of  the  hnenefs  of  the  mefhes,  the  hardnefs  of  the 
wood,  and  the  famenefs  of  colour  in  the  conflituent  fibres. 

We  are  here  only  fpeaking  of  the  lymphatic  velfels  or  lignous 
fibres  of  the  wood,  which  exift  in  it  as  well  as  in  the  bark, 
though  in  different  dates  ; for  the  lignous  fibres  are  always  harder 
and  lefs  flexible  than  the  cortical  ones.  Malphigi  thinks  they 
differ  in  another  particular,  namely,  that  a juice  or  fluid  iffues 
from  the  cortical,  while  none  is  found  in  thofe  of  the  wood.  In 
this  rit  would  appear  from  the  obfervations  of  Duhamel,  that  he 
was  midaken. 

A tranfverfe  feftion  of  wTood  generally  appears  formed  of  a 
number  of  rays  proceeding  from  the  corona  to  the  bark,  which 
are  interfered  at  different  didances  by  concentric  circles,  inter- 
fperfed  with  veflels  of  varying  magnitude : the  variations  in  this 
ftru&ure  afford  much  pleafure  to  the  curious  obferver,  and  throw 
confiderable  light  upon  the  nature  and  properties  of  timber  ; for 
it  is  by  means  of  a variety  of  drainers  that  different  juices  are  pre- 
pared from  the  fame  mafs.  Matter,  confideredas  matter,  has  no 
fhare  in  the  qualities  of  bodies.  It  is  from  the  arrangement  of 
it,  or  the  recipient  forms  given  to  it,  that  we  have  fo  many  differ- 
ent fubdances.  According  to  the  modifications  that  thefe  receive, 
we  fhall  find  the  lame  light,  air,  water,  and  earth,  manifeding 
themfelves  in  one  by  a deadly  poifon,  and  in  another  by  the  mod 
falubrious  food.  A lemon  ingrafted  upon  an  orange  dock,  is  capa- 
ble of  changing  the  fap  of  the  orange  into  it’s  own  nature,  by  a 
different  arrangement  of  the  nutritive  juices.  One  mafs  of  earth 
will  give  life  and  vigour  to  the  bitter  aloe,  to  the  fweet  cane,  the 
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cool  houfe-leek,  and  the  fiery  muftard,  the  nourifhing  grain,  and 
the  deadly  night-fhade. 

The  wood  may  be  confidered  as  compofed  of  two  parts,  lig- 
nous  and  parenchymous.  We  have  already  treated  of  the 
former;  the  latter  is  that  which  is  difpofed  into  rays  running  as 
it  were  between  the  lignous  fibres,  and  interweaving  with  them; 
it  originates  either  with  the  pith  or  corona.  There  is  a very 
great  diverfity  in  thefe  radial  infertions,  in  fome  trees  there  are 
very  few,  while  they  abound  mothers;  in  fome  they  are  very 
fine,  in  others  very  thick.  In  texture  they  feem  fimilar  to 
the  blebs  of  tne  bark,  only  that  here  they  are  fo  crouded  and 
ftretched  out  as  to  appear  like  parallel  threads,  fomething  fimilar 
to  a net  when  drawn  tight. 

Of  the  Corona. 

Dr.  Hill  orives  this  name  to  that  circle  which  furrounds  the 

O 

pith,  and  feparates  it  from  the  wood;  although  in  his  opinion  it 
differs  greatly  from  both,  and  in  it’s  compofmon  has  no  refem- 
blance  to  either.  It  is,  according  to  him,  the  mod  important 
part  m the  whole  vegetable  fabric,  by  which  the  propagation  and 
increafe  of  the  branches,  buds,  and  ’hoots,  is  carried  on.  * 

It  has  been  ufual  to  fuppofe  the  pith  of  vegetables  to  be  the 
part  in  which  thefe  wonderful  fources  of  increafe  refides,  but  this 
is  not  the  cafe ; and  he  afferts,  that  fo  far  from  being  prior  to  the 
other  parts,  it  is  in  reality  poflerior  to  fome  of  them. 

The 

* Hill  on  the  Conftru&ion  of  Timber,  p.  55. 
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The  corona  is  not  fo  uniform  as  the  other  parts,  nor  is  it 
conftituted  exa&ly  fimilar  in  all  trees.  It  is  placed  between  the 
pith  and  wood  in  all  vegetables,  forming  a ring,  whofe  outline  is 
more  or  lefs  regulated.  The  general  circle  is  cellular,  compofed 
of  blebs  and  veffels,  like  the  bark  and  the  rind,  and  is  perfectly 
fimilar  to  them,  only  that  at  different  diflances  oblong  cluflers 
of  different  veffels  are  placed  amongft  it.  Thefe  clufiers  are 
ufually  eight  or  ten  in  number,  and  give  origin  to  the  angles  of 
the  corona.  They  are  not  uniform,  or  of  one  kind  of  veffels,  as 
in  the  bark,  but  each  has  two  diftinft  forts,  the  exterior  one 
anfwering  to  the  blea,  and  the  interior  to  the  wood  of  trees ; 
and  within  each  of  thefe  are  difpofed  veffels  not  unlike  thofe 
in  the  blea  and  wood,  though  often  larger  than  they  are  found 
in  thofe  parts. 

Thus  each  clufter  is  compofed  of  all  the  effential  parts  of  the 
fucceeding  branch,  and  the  intermediate  parts  of  the  circle  are 
abfolutely  bark  and  rind ; they  are  ready  to  follow  and  clothe 
the  clufter  when  it  goes  off  in  the  form  of  a fhoot,  becaufe  it  will 
then  need  their  covering  and  defence,  though,  in  it’s  prefent  in- 
clofed  date,  it  does  not.  It  is  from  this  conftruftion  that  a tree  is 
ready  at  all  times,  and  in  all  parts,  to  fhoot  out  branches,  and 
every  branch  in  the  fame  manner  to  fend  out  others  ; for  the 
whole  trunk,  and  the  branch  in  all  it’s  length,  have  this  courfe  of 
effential  veffels  ready  to  be  protruded  out,  and  the  proper  and 
natural  integuments  as  ready  to  cover  them.  In  fome  trees  thefe 
parts  are  more  evident,  in  others  more  obfcurely  arranged.  Dr. 
Hill  fays,  the  bocconia,  or  parrot-wood  of  the  Weft-Indies,  and 
the  greater  celandine,  are  proper  fubjefts  for  opening  this  great 
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myftery  of  nature.  On  the  corona  and  it’s  clufters  depend  that 
property  of  vegetables,  that  they  can  be  produced  entire  from 
every  piece.  Thefe  clufters  follow  the  courfe  of  the  other  por- 
tions of  the  tree ; they  are,  therefore,  every-where ; they  are 
always  capable  of  growing,  and  their  growth,  even  in  a cutting 
of  the  fmalleft  twig,  cannot  produce  a leaf  or  any  other  part  of  a 
vegetable  alone,  but  muft  afford  the  whole,  for  they  are  com- 
plete bodies,  and  the  whole  is  there  waiting  only  for  the  oppor- 
tunities of  extenfion.  For  the  knowledge  we  have  of  this  part 
we  are  altogether  indebted  to  Dr.  Hill.  It  remains  for  future 
obfervers  to  confirm  or  difprove  his  obfervations. 


Of  the  Pith. 

The  pith  is  found  in  the  center  of  every  young  (hoot  of  a tree ; 
it  is  large  in  fome,  lefs  in  others,  but  prefent  in  all.  It  is  placed 
cloie  within  the  corona. 

It  feems  to  be  nothing  more  than  a congeries  of  the  cellular 
tiffue ; it  is  generally  found  near  the  center  of  the  tree,  inclofed 
as  it  were  within  a tube  ; in  general,  the  Cells  of  the  pith  are 
larger  than  rhofe  of  the  cellular  tiffue,  with  which,  according  to 
Duhamel,  it  communicates.  For  the  rays  which  extend  from  the 
pith  to  the  bark  are,  in  his  opinion,  produced  from  it.  Thus, 
though  it  may  differ  in  name  fiom  the  parenchymous  parts  of  the 
bark,  and  the  radial  infertions  in  the  wood,  yet  it  is  of  the  fame 
nature  and  texture,  and  is  continuous  with  them ; fo  that,  accord- 
ing to  this  idea,  the  fkin,  the  parenchyma,  the  infertions,  and  the 
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pith,  are  all  one  piece  of  work,  filled  up  in  divers  manners  with 
the  veffels. 

The  bark  and  the  wood  grow  thicker  every  year,  while  the 
pith,  on  the  contrary,  grows  more  {lender,  fo  that  in  a branch  of 
one  year  it  is  of  a larger  fize  than  it  is  in  the  fame  branch  when 
two  years  old,  and  fo  on.  In  very  young  branches,  while  in  an 
herbaceous  hate,  the  pith  forms  the  greateft  part  of  it’s  fubflance  ; 
but  when  the  fibres  are  ftronger,  the  pith  becomes  lefs  fucculent, 
and  furrounded  with  a tube  of  wood ; when  the  branch  is  arrived 
to  a certain  age,  it  is  fo  compreffed  as  to  be  almoft  annihilated. 
In  examining  different  branches  that  proceed  from  others  in  their 
firft  fiate,  a fmall  communication  between  the  pith  of  the  one 
and  the  other  will  be  found  ; but  this  communication  is  generally 
entirely  doled  up  in  the  fecond  or  third  year.*  The  cells  of 
which  the  pith  is  formed  are  at  firft  entirely  one  conneded  body; 
but  as  the  plant  grows  up,  it  is  often  fo  broke  and  ruptured,  as  to 
remain  no  longer  a continuous  fubftance. 

This,  as  well  as  many  other  particulars  in  the  hiftory  of  the 
pith,  corroborates  the  opinion  of  Dr.  Hiii,+  wTho  thinks  it  is 
formed  for  the  purpofe  of  moiftening  the  clufters  of  the  corona, 
and  regulating  it’s  extenhon  ; it  has  been  fuppofed  coeval  with, 
or  primordial  to  all  the  other  parts,  but  he  thinks  it  is  poftnate, 
and  comes  after  them  in  the  order  of  time,  as  well  as  in  its  ufes. 
That  exhaled  air  gives  origin  to  it’s  blebs,  and  the  thicknefs  of  the 

juices 

* Duhamel  Phyfique  des  Arbres,  tom.  I,  p.  38. 

+ Hill’s  Conllrudtion  of  Timber,  p.  66. 


9 


Microscopical  Essays. 


S 73 

juices  cloathing  the  bubble,  gives  it  form  and  fubdance.  The 
firft  feafon  is  the  time  of  it’s  greated  ufe,  and  it  immediately  after 
begins  to  decay. 

The  pith  has  in  general  been  reprefenled  as  much  more 
complex  than  it  really  is.  It  confids  of  a range  of  bladders, 
lying  one  over  the  other.  The  membrane  is  fimple,  the  outline 
lingle  ; but  as  it  is  very  difficult  to  procure  it  in  this  fimple  date, 
it  is  often  feen  and  reprefented  under  a variety  of  irregular, 
though  pleafing  forms,  which  are  occafioned  by  the  interfediions 
of  the  outlines  of  the  blebs,  as  feen  one  over  another. 

A cluder  in  any  part  of  the  corona,  protruding  itfelf  onward 
and  outward  in  the  growing  feafon,*  carries  a part  of  the  circle 
out  wTith  it.  The  cluder  ideif  is  a perfect  piece  of  the  wood  and 
blea,  and  the  bark  which  follows  it  out  in  it’s  progrefs  perfectly 
cloaths  it  : thus  is  the  fird  protrufion  of  the  (hoot  made,  but  all 
this  while  there  is  no  pith.  The  continuation  of  growth  is  made 
by  the  extenfion  of  all  the  parts  obliquely  upwards  ; in  the  courfe 
of  this  extenfion  they  hollow  themfelves  into  a kind  of  cylinder, 
of  the  form  of  the  future  branch,  and  by  this  difpofition  a fma.il 
vacancy  is  made  in  their  center.  This  enlarges  as  they  increafe, 
and  as  it  enlarges  it  becomes  filled  with  -the  exudation  of  thole 
little  bladders  which  remain  and  conditute  the  pith,  fed  from  the 
inner  coat  of  the  pith,  which  already  beg'ms  to  form  itfelf  into  a 
new  corona.  Grew  feemed  to  think,  that  in  fome  indances  the 
pith  was  of  poderior  growth  to  the  other  parts,  and  derived  it’s 
origin  from  the  bark;  and  that  the  infertions  of  the  bark  running 
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in  between  the  rays  of  the  wood,  meet  in  the  center,  and  confli- 
tute  the  pith. 

Of  the  Sap  Vessels. 

The  moft  numerous  and  the  largeft  apertures  are  generally  to 
be  found  in  the  wood,  which  are  perceived  very  difiinflly  in  a 
tranfverfe  fedion,  in  which  the  ends  of  the  veffels  are  feen  as  cut 
through  by  the  knife.  The  fcarlet  oak  of  America  is  recommend- 
ed as  a proper  objed  for  exhibiting  them.  If  a fhort  cylinder  of 
a three  years  branch  of  this  oak,  a little  macerated,  be  hollowed 
away  with  a duffel,  we  (ball  fee  what  a large  portion  of  the  wood 
is  occupied  by  thefe  veffels  ; they  are  thick  and  flrong,  and  it  is 
eafy,  withfome  care  and  attention,  to  loofen  feveral  of  them. 

If  a number  of  thefe,  thus  feparated,  be  put  into  a vial  of 
rain  water,  and  frequently  (hook  for  feveral  days,  fome  will  at 
length  be  found  perfedly  clean,  thefe  are  then  to  be  put  into 
fpirit  of  wine,  and  when  that  has  been  two  or  three  times  changed, 
they  will  be  in  a condition  to  be  viewed  for  underftandmg  their 
ftrudure  ; another  method  of  preparation  has  been  already  fhewn 
in  page  162. 

Thefe  are  the  veffels  which  have  been  called  by  fome  writers 
air,  by  others  tracheal  veffels.  It  is,  however,  to  be  remarked, 
that  moft  of  thofe  who  have  confidered  them  as  air  veffels,  refer 
us  to  the  tree  while  in  a more  herbaceous  ftate ; in  this  cafe  they 
fay,  that  we  fhall  find  thefe  parts  filled  with  a fine  fpiral  filament. 
/As  thefe- veflels  are  often  to  be  found  empty,  they  have  been  fup- 
pofed  to  anfwer  the  purpofes  of  lungs  to  the  plant.  Malphigi 
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afferts,  that  if  they  are  examined  in  winter,  they  often  exhibit  a 
vermicular  motion,  which  altonifhes  the  fpe£lator. 

Thofe  who  fnppofe  the  corona  to  contain  the  whole  flrudlure 
of  the  tree  in  miniature,  and  that  it  is  the  embryo  of  future  fhoots, 
fuppofe  it  to  contain  the  veflels  proper  for  each  part,  a fubjedt 
that  mull  be  left  to  the  decifion  of  future  obfervers. 

Of  the  Vasa  Propria  IntiMa. 

Thefe  are  the  only  veffels  which  remain  to  be  fpoken  of. 
They  are  large,  confpjcuous,  and  important ; their  natural  place 
is  in  the  blea,  though  they  are  fometimes  repeated  in  the  wood 
and  the  corona.  Their  coats  are  thicker  than  thofe  of  any  other 
veflels.*  It  is  not  difficult,  after  a fuccefsful  maceration,  to  fepa- 
rate  fome  of  thefe  veffels  from  the  blea  ; in  this  date  they  appear 
perfedt  cylinders,  with  thick  white  coats,  of  a firm,  folid,  and 
uniform  texture. 

It  has  generally  been  fuppofed,  that  each  of  thofe  concentric 
circles,  which  are  to  be  obferved  in  the  tranfverfe  feclion  of 
almoft  every  tree,  was  the  produdt  of  one  year,  or  the  quantity 
of  wood  added  to  the  tree  in  that  fpace  ; here,  however,  Dr. 
Hill  differs  again  from  the  general  opinion. 

From  what  has  been  faid  we  may  deduce  the  following  general 
ideas  relative  to  the  organization  of  trees.  The  nioft  obvious 
and  remarkable  parts  of  a plant,  or  tree,  are  the  root,  the  flem, 
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the  branches,,  the  leaves,  the  flower,  and  the  fruit.  The  com> 
ponent  parts  of  thefe  divifions  are  not  complicated,  they  are 
Ample  when  compared  to  thofe  of  an  animal,  and  this  becaufe  the 
offices  of  the  vegetable  are  fewer  than  thofe  of  the  animal. 

The  interior  part  may  be  confidercd  as  confiding  of  lignous 
Abies,  interfperfed  with  a vaft  number  of  bladders,  which  are 
here  named  the  cellular  tifl'ue,  the  vafa  propria,  and  the  fap 
veflels  ; though  thefe.  are  confldered  by  fame  writers  as  mere  air 
veflels.. 

The  lignous  flbres  are  very  flne  tubes,  proceeding  nearly  in  a 
vertical  direction  from  the  top  to  the  bottom  of  the  tree ; they 
are  fometimes  parallel  to  each  other,  fometimes  they  divaricate, 
and  often  leave  oblong  intervals  or  Ipaces.  There  is  great  reafon 
for  fuppofmg  them  to  be  a fpecies  of  lymphatic  veflels.  The 
vacant  fpaces  between  thefe  Abres  are  Ailed  up  by  a veAcular 
membrane,  lying  in  an  horizontal  dire£lion,  and  which  is  called 
in  this  chapter  the  cellular  tifl'ue,. 

The  vafa  propria  are  formed  of  lignous  Abres,  but  differ  from 
the  foregoing  in  their  Aze,  and  in  the  juices  which  they  contain. 
In  the  part  properly  called  the  wood,  we  meet  with  the  fap 
veflels  ; but  as  in  fome.  dates  they  feem  as  if  they  were  formed  of 
a Alver-coloured  fpiral  membrane,  and  are  found  without  any 
juices,  they  have  been  fuppofed  to  be  air  veflels,  and  called  the 
trachea,  making  up  an  arterial  fyftem,  and  fupplying  the  place  of 
the  heart  in  animajs. 
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The  interior  part  of  the  tree  may  be  further  confidered  as 
divided  into  four  principal  concentric  flrata,  the  bark,  the  blea, 
the  wood,  and  the  pith  : to  thefe  Dr.  Hill  has  added  the  corona. 
Whatever  part  of  a plant  we  examine,  we  find  thefe  and  no 
more.  The  root,  it's  afcending  flalk,  and  defcending  fibre,  are 
formed  of  one,  and  not  three  different  fubffances.  Thus  the 
whole  vegetable  is  reduced  to  one  entire  body.  And  what  ap- 
pears in  the  flower  to  be  formed  of  altogether  diflindt  parts,  will 
be  found  to  originate  in  thefe. 

The  bark,  which  is  the  exterior  covering  of  the  tree,  is  divided 
into  two  parts,,  a thin  outer  rind,  and  a much  thicker  inner  one. 
The  exterior  one  feems  to  be  little  more  than  a fine  film  of  irre^u- 
lar  mefhes,  the  inner  one  compofed  of  large  blebs,  leaving  in  fome 
fubjedls  large  vacant  fpaces,  which  form  it’s  vafa  propria.  It  is 
made  up  of  feveral  flrata,  laying  one  over  the  other. 

Next  to  this  is  the  blea,  which  is'  of  an  uniform  ftrudlure.  It 
is  an  imperfeft  wood,  waiting  only  for  the  hand  of  time  to  be 
brought  to  per  fed!  ion.  The  duration  of  the  blea  in  this  middle 
ffate  depends  on  the  internal  powers  and  ftrength  of  the  tree, 

being  fo  much  fliorter  as  this  is  more  vigorous* 

* * 

The  wood,  including  the  corona,  comes  next ; it  differs  in  den- 
fity  and  duration,  both  from  the  blea,  the  bark,  and  the  wood. 
It  is  made  up  of  flrong  fibres.  The  life  of  the  vegetable  feems  to 
refide  in  it ; from  it  all  the  other  parts  are  produced,  It  (hoots  a 
pith  inwards,  and  a blea  and  a bark  outwards*. 


Every. 
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Every  tree  may  be  confidered  as  confiding  of  numerou  con- 
centric drata,  or  {lakes,  forming  fo  many  cones,  infcribed  one 
within  the  other,  and  whofe  number  is  almod  indefinite.  The 
mod  exterior  contain  the  rudiments  of  the  bark,  the  more  interior 
thofe  of  the  wood.  In  the  germ  they  are  gelatinous,  by  degrees 
they  become  herbaceous,  and  in  procefs  of  time  it  afiumes  the 
conddency  cf  wood.  Thus  the  dem,  the  root,  and  the  branch, 
may  be  confidered  as  formed  of  a prodigious  number  of  concen- 
tric vertical  drata,  each  compofed  of  different  fafcicles  of  fibres, 
which  dbres  are  again  formed  of  (mailer  ones.  The  fpaces  be- 
tween thefe,  and  among  the  dbres,  are  filled  up,  interwoven  with 
and  connedled  by  the  cellular  tiflue,  of  which  the  radial  infertions 
are  formed. 

The  drata  harden  fuccedively  one  after  the  other;  the  mod 
interior  dratum  is  that  which  hardens  firPi,  this  is  then  covered 
by  another  which  is  more  duclile  and  herbaceous,  and  fo  on. 
From  the  extendon  in  breadth  the  tree  acquires  bulk,  from  that  in 
length  it  gains  it’s  height.  The  drata  gradually  diminidi  in  dze 
as  they  gain  in  length ; from  hence  the  conical  dgure  of  the  root 
and  dem,  and  branch.  All  the  parts  of  the  plant  are  the 
fame,  differing  in  nothing  more  than  in  diape  and  dze.  The 
roots  are  diarp  and  pointed,  that  they  may  make  their  way  more 
readily  through  the  earth.  The  leaves  are  broad,  that  they  may 
more  efteflually  catch  the  moidure  from  the  atmofphere,  &c. 
When  the  root  of  a tree  is  elevated  above,  indead  of  being  retain- 
ed under  the  earth,  it  aflumes  the  appearance  or  a perfect  plant, 
with  leaves  and  branches.  Experiment  (hews  that  a young  tree 
may  have  it's  branches  placed  in  the  earth,  and  its  roots  elevated 
in  the  air,  and  in  ^hat  inverted  date  it  will  continue  to  live  and 

grow. 
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grow.-  The  principal  fource  of  the  phenomena  of  vegetation  is 
the  fimplicity  and  uniformity  of  their  organization. 

The  figures  in  Plate  XXVII.  XXVIII.  XXIX.  are  portions  of 
tranfverfe  fedlions  of  trees  and  herbs.  The  fedlions  were  cut  by 
Mr.  Cultance,  who  firlt  brought  this  art  to  perfection,  and  re- 
mains unrivalled  as  yet  in  thefe  performances. 

' I 

Fig.  1,  Plate  XXVII.  a piece  of  an  herb  growing  on  dung- 
hills, and  known  by  the  name  of  fat-hen  ; it  is  one  of  the  fpecies 
of  orari  Fig.  2,  a microfcopic  view  of  the  fame.  Fig.  3,  a 
magnified  reprefentation  of  a fedtion  of  a reed  that  comes  from 
Portugal.  Fig.  4,  the  real  fize  of  the  fedlion. 

Fig.  1,  Plate  XXVIII.  a magnified  view  of  a fedlion  of  the 
althea  frutex.  Fig.  3,  a ditto  of  the  hazel.  Fig.  5,  a ditto  from 
a branch  of  the  lime-tree.  Fig.  2,  4,  6,  reprefent  the  real  fize 
©f  the  fedlions. 

Plate  XXIX.  Fig.  1,  a magnified  view  of  a fedtion  of  common 
cane.  Fig.  2,  one  of  the  bamboo  cane.  Fig.  3,  one  of  fugar 
cane.  Fig.  3,  4,  6,  the  real  fize  of  the  fedlions. 
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CHAP,  X, 


Of  the  Crystallization  of  Salts,  as  seen  by  the 
Microscope  ; together  with  a concise  List  of 
Objects. 


Crystallization,  in  general,  fignifies  the  natural  form- 
ation of  any  fubfiance  into  a regular  figure,  refembling  that 
of  natural  cryflal.  Hence  the  phrafes  of  cryftallized  ores,  cryf- 
tallized  falts,  &c.  and  even  the  bafaltic  rocks  are  now  generally 
reckoned  to  be  effefis  of  this  operation  ; the  term,  however,  is 
mod  commonly  applied  to  bodies  of  the  faline  kind ; and  their 
feparation  in  regular  figures  from  the  water,  or  other  fluid  in 
which  they  were  dilfolved,  is  called  their  cryffallization.  If  the 
word  cryffallization  were  to  be  confined  to  it’s  mofl  proper  fenfe, 
as  it  feems  to  have  been  formerly,  it  could  only  be  applied  to 
operations  by  which  certain  fubffances  are  difpofed  to  pafs  from 
a fluid  to  a folid  ffate,  by  the  union  of  their  parts,  which  fo 
arrange  themfelves,  that  they  form  tranfparent  and  regularly- 
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figured  maffes,  like  native  cryhal ; from  which  refemblance  the 
word  cryftallization  has  evidently  been  taken.* 

But  modern  chemihs  and  naturalihs  have  much  extended  this 
expreflion,  and  it  now  fignifies  a regular  arrangement  of  the 
parts  of  any  body  which  is  capable  of  it,  whether  the  maffes  fo 
arranged  be  tranfparent  or  not.  Thus  opake  hones,  pyrites,  and 
minerals,  when  regularly  formed,  are  faid  to  be  cryhallized,  as 
well  as  tranfparent  hones  and  falts. 

The  opacity  and  tranfparency  of  fubhances  are  juhly  difre- 
garded,  in  confidering  whether  they  be  cryhallized  or  not ; for 
thefe  qualities  are  perfeflly  indifferent  to  the  regular  arrangement 
of  the  integrant  parts  of  fubhances,  which  is  the  effential  objefl  of 
ciyhallization.  ’ 

This  being  ehablifhed,  cryhallization  may  be  defined,  an 
operation  by  which  the  integrant  parts  of  a body,  feparated  from 
each  other  by  the  interpofition  of  a fluid,  are  difpofed  to  unite 
again,  and  to  form  folid,  regular,  and  uniform  maffes. 

To  underhand  as  much  as  we  can  of  the  mechanifm  of  cryhal- 
lization, we  muh  remark, 

3 . That  the  integrant  parts  of  all  bodies  have  a tendency  to 
each  other,  by  which  they  approach,  unite,  and  adhere  toge- 
ther, when  not  prevented  by  an  obhacle. 

4 O 2.  That 

* Macquer’s  Dictionary  of  Chemiftry,  Art.  Cryftallization. 
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2.  That  in  fimple  or  little-compounded  bodies,  this  tendency 
of  integrant  parts  is  more  obvious  and  fenfible  than  in  others  more 
compounded : hence  the  former  are  much  more  difpofed  to 
cryftallize. 

o.  That  although  we  do  not  know  the  figure  of  the  primitive 
integrant  molecules  of  any  body,  we  cannot  doubt  but  that  thofe 
of  every  different  body  have  a conftantly  uniform  and  peculiar  - 
figure. 

4.  That  thefe  integrant  parts  cannot  have  an  equal  tendency  to 
unite  indifcriminately  by  any  of  their  fides,  but  by  fome  prefer- 
ably to  others,  excepting  ail  the  fides  of  an  integrant  part  of  a 
body  be  equal  and  fimilar ; and  probably  the  fides,  by  which 
they  tend  to  unite,  are  thofe  by  which  they  can  touch  mod'  ex^ 
tenfively  and  immediately. 

The  mod  general  phenomena  of  c ryft  alii  zat  ion  may  be  con- 
ceived in  the  following  manner: 

Let  a body  be  fuppofed  to  have  it’s  integrant  parts  feparated 
from  each  other  by  fome  fluid ; if  a part  of  this  fluid  be  taken 
away,  thefe  integrant  parts  will  approach  together;  and  as  the 
quantity  of  intervening  fluid  diminifhes,  they  will  at  laft  touch 
and  unite.  They  may  alfo  unite  when  they  come  fo  near  to  each 
other,  that  their  mutual  tendency  fhall  be  capable  of  overcoming 
the  diffance  betwixt  them.  If,  befides,  they  have  time  and 
liberty  to  unite  with  each  other  by  the  fides  mod  difpofed  to  this 
union,  they  will  form  maffes  of  a figure  conftantly  uniform  and 
fimilar.  For  the  fame  reafon,  when  the  interpofed  fluid  is  haftily 

taken 
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taken  away,  fo  that  the  integrant  parts  fliall  be  approximated, 
and  be  brought  into  contafl  before  they  have  taken  the  pofition 
of  their  natural  tendency,  then  they  will  join  confufedly  by  fuch 
fides  as  chance  prefents  to  them  ; they  will,  in  fuch  circum- 
ftances,  form  folid  mafles,  whofe  figures  will  not  be  determinate, 
but  irregular  and  various. 

Different  falts  affume  different  figures  in  cryftallization,  and 
are,  by  this  means,  eafily  diflinguilhed  from  one  another.  But 
befides  the  large  cryflals  produced  in  this  way,  each  fait  is  capable 
of  producing  a very  different  appearance  of  the  cryflalline  kind, 
when  only  a drop  of  the  faline  folution  is  made  ufe  of,  and  the 
cryftallization  viewed  through  a microfcope.  For  our  know- 
ledge of  this  fpecies  of  cryftallization  we  are  indebted  to  Mr. 
Henry  Baker,  who  was  prefented  by  the  Royal  Society  with  a 
gold  medal  for  the  difeovery,  in  the  year  1744.  Thefe  micro- 
fcopical  cryflals  he  diftinguifhes  from  the  larger  ones  by  the  name 
of  configurations ; but  this  term  feems  inaccurate,  and  the 
diftinftion  may  be  properly  preferved  by  calling  the  large  ones 
the  common,  and  the  fmall  ones  the  microscopical  cryflals  of 
the  fait. 

It  has  not  yet  been  fhewn  by  any  writer  on  the  fubjecl,  why 
falts  fhould  affume  any  regular  figure,  much  lefs  why  every  one 
fhould  have  a form  peculiar  to  itfelf.  Sir  Ifaac  Newton  endea- 
voured to  account  for  this,  by  fuppoftng  the  particles  of  fait  to  be 
diffufed  through  the  folvent  fluid,  at  equal  diftances  from  each 
other ; and  that  then  the  power  of  the  attraction  between  the 
faline  particles  could  not  fail  to  bring  them  together  in  regular 
figures,  as  foomas  the  diminution  of  heat  fuffered  them  to  a£l  on 

4 O 2 each 
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each  other*  But  it  is  certain  home  other  agent  mud  he  concern- 
ed in  this  operation  befides  mere  attraflion,.  otherwife  all  halts 
would  cryflallize  in  the  fame  manner.  Others  have,  therefore., 
had  recourfe  to  fome  kind  of  polarity  in  the  particles  of  each  fait, 
which  determined  them  to  arrange  themfelves  in  fuch  a certain 
form ; but  unlefs  we  give  a reafon  for  this  polarity,  we  only  exr 
plain  crvfiallization  by  itfelf.  One  thing  feems  to  have  been, 
overlooked  by  thofe  who  have  endeavoured  to  invefligate  this 
fubjeft,  namely,  that  the  faline  particles  do  not  only  attrafl  one 
another,  but  they  alfo  attract  fome  part  of  the  water  which 

diffolves  them. 

• 

Did  they  only  attract  each  other,  the  fait,  inflead  of  cryflal- 
lizing,  would  fall  to  the  bottom  as  a powder  ; whereas,  a faline 
cryflal  is  compofed  of  fait  and  water,  as  certainly  as  the  body  of 
an  animal  is  compofed  of  flefli  and  blood,  or  a vegetable  of  folid 
matter  and  fap  ; if  a faline  cryflal  is  deprived  of  its  aqueous  part, 
it  will  as  certainly  lofe  it’s  cryflalline  form  as  if  it  was  deprived  o.f 
the  faline  part.  It  is,  therefore,  not  improbable,  that  cryftalliza- 
tion  is  a fpecies  of  vegetation,  and  is  accomplifhed  by  the  fame 
powers  to  which  the  growth  of  plants  and  animals  are  to  be 
afcribed.  Some  kinds  of  cryflallization  referable  vegetation  fo 
£ much,  that  we  can  fcarce  avoid  attributing  them  to  the  fame 

caufe. 

It  has  been  imagined,  that  all  the  great  operations  in  nature 
may  be  reduced  to  two  principles,  thofe  of  cryflallization  and 
organization  ; but  that  often  they,  are  fo  concealed  as  to  be  in- 

vifible.. 


* Encyclopaedia  Britannica,  p.  2329. 
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vifible.  Hence  cryflallized  fubflances  have  been  often  miflalcen 
for  organized  ones,  and  vice  verfa.  They  differ,  however,  effen- 
tially  in  their  growth  and  origin.  Organized  beings  fpring  from 
a germ,  in  which  all  the  eflential  parts  are  concentrated,  and 
they  grow  by  intufception  ; whereas  cryflallized  fubflances-  in- 
creafe  by  the  fuccefiive  apportion  of  certain  molecules,  of  a de- 
termined figure,  which  unite  in  one  common  mafs.  Thus 
cryflallized  beings  do  not  grow,  properly  fpeaking  ; though  their 
fubftance  is  augmented,  they  are  not  preformed,  but  formed 
daily. 

We  have  already  fhewn,  page  163,  how  to  prepare  the  various 
falts  for  microfcopical  cbfervations.  The  beautiful  cryflalliza- 
tions  reprefented  in  PI.  XXX.  and  XXXI.  were  produced  in  the 
manner  there  defcribed. 

Fig.  2,  Plate  XXX.  chews  the  microfcopical  cryflals  of  nitre. 
Thefe  flioot  from  the  edges  with  very  little  heat,  in  flattifh  figures, 
of  various  lengths,  and  exceedingly  tranfparent,  the  fides  nearly 
parallel,  though  rather  jagged,  and  tapering  to  a point ; after  a 
number  of  thefe  are  formed,  they  often  diffolve  under  the  eye, 
and  difappear  entirely ; but  in  a little  time  new  fhoots  will  pufh 
out,  and  the  procefs  go  on  afrefh.  Beautiful  ramifications  are 
formed  round  the  edge,  and  many  regular  figures  are  to  be  ob- 
ferved  in  different  parts  of  the  drop.  Fig.  2 is  the  real  fize  of  the 
drop. 

Fig.  3,  Plate  XXX.  is  a drop  of  diflilled  verdigreafe,  as  it  ap- 
peared when  viewed  by  the  microfcope.  There  is  a difference  in 

the.* 
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the  appearance  from  this  fubftance,  according  as  the  time  of  the 
application  is  nearer  to  or  more  diftant  from  that  in  which  the 
folution  was  made. 

Fig.  l,  PI.  XXXI.  reprefents  the  microfcopical  cryftals  of  fait 
of  wormwood.  The  (bootings  from  the  edges  of  this  folution  are 
often  very  thick  in  proportion  to  their  length,  their  fides  full  of 
notches,  the  ends  generally  acute;  many  fpear-like  forms  are 
alfo  to  be  obferved,  as  well  as  little  cryftals  of  a variety  of 
figures. 

Fig.  2,  Plate  XXXI.  the  fait  of  amber.  The  fhootings  of  this 
fait  are  highly  entertaining,  though  the  procefs  is  very  (low ; many 
fpicula  (hoot  from  the  edge  towards  the  middle  of  the  folution, 
and  from  the  pointed  ends  of  the  fpicula,  a great  variety  of  diver- 
fified  branches  maybe  obferved,  varioufiy divided  and fubdivided, 
and  forming  at  laft,  fays  Mr.  Baker,  a winter  feene  of  trees  with- 
out leaves. 

Salt  of  hartfhorn,  Fig.  3,  Plate  XXXI.  This  fait  (hoots  oul 
from  the  edge  of  the  drop  into  folid,  thick,  and  rather  opake 
figures  ; from  thefe  it  often  (hoots  into  branches  OKa  rugged  ap- 
pearance, fimilar  to  thofe  of  fome  fpecies  of  corah 

Fig.  4,  PI.  XXXI.  reprefents  the  configurations  of  fal  ammoniac. 
Thefe  form  a mod  beautiful  objeft  in  the  microfcope  : a general 
idea  may  be  more  eafily  formed,  by  confidering  the  figure  here 
exhibited,  than  by  any  verbal  defeription. 


A 'CON- 
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A concise  List  of  Objects  for  the  Microscope. 

The  hiort  lift  here  preferred  to  the  reader  muff,  from  the 
nature  of  the  fubjeff,  be  very  imperfeft  ; for  the  whole  of  the  ani- 
mal, vegetable,  and  mineral  kingdoms,  with  all  their  numerous 
fub-divifions,  furnifh  objefts  for  the  microfcope ; and  there  is 
not  one  of  them  that,  when  properly  examined,  will  not  afford 
inhruflion  and  entertainment  to  the  rational  inveffigator  of  the 
works  of  creation.  The  Syftema  Naturae  of  Linnaeus  may 
therefore  be  confidered  as  a catalogue  of  univerfals  for  micro- 
fcopic  obfervation,  each  of  which  involves  a variety  of  particu- 
lars. The  lift  here  mven  can  be  confidered  as  little  more  than  a 

o 

direftory,  to  point  out  to  thofe  who  have  only  begun  to  fludy 
this  part  of  natural  hiltory,  a few  of  thofe  objects  which  merit 
their  attention,  and  which,  from  their  beauties,  may  incite  them 
to  purfue  the  ftudy  with  greater  ardor. . 

“ Thofe  who  rightly  confider  natural  things,  will  find  them  a 
fiiadow  of  heavenly  things,  a fchool  in  which  God  is  the  teacher, 
and  all  the  objects  of  fenfe  in  heaven  and  earth,  and  under  the 
earth,  are  as  the  letters  of  an  univerlal  language,  in  which  all 
nations  have  a common  intereft.  The  Creator  himfell  has  made 
this  ufe  of  it,  revealing  his  will  by  it,  and  referring  man  to  it  for 
inhruHion.  From  hence  the  univerfal  agreement  between  nature 
and  revelation.  Hence,  alfo,  he  that  can  underhand  God  as 
the  fountain  of  truth,  and  the  Saviour  of  men  in  the  holy  Icrip- 
tures,  will  be  better  difpofed  to  underhand  and  adore  Him  as  the 
fountain  of  power  and  goodnefs  in  the  natural  creation.  Where- 
foever  we  go  in  divinity,  the  true  philofophy  will  follow  us^as  a 
a faithful 
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faithful  witnefs,  and  fhew  that  the  world  was  made,  as  the  fcrip- 
tures  were  written,  for  our  inftru&ion ; and  find  the  creation  of 
God  is  the  fchool  of  chriflians,  if  they  ufe  it  aright.”* 

'"■v. 

Of  Opake  Objects. 

Ores  and  minerals  afford  an  immenfe  variety  of  very  beautiful 
and  fplendid  objedls.  From  amongft  thefe  the  obferver  may 
feledl  the  peacock,  or  coloured  copper  ore,  green  cryflallized 
ditto,  lead  ore,  cryflallized  ditto,  cryflals  of  lead,  fmall  grained 
marcafites,  coloured  mundic,  cinnabar,  native  fulphur,  needle 
and  other  antimony,  mofs  copper,  &c.  A mixture  of  fmall 
pieces  of  ores,  &c.  of  different  kinds,  produces  a pleafmg  effedt. 
Sands,  in  general,  exhibit  fomething  not  difcoverable  witn  the 
naked  eye.  Sand  from  the  fea-fhore  is  often  intermixed  with 
minute  fliells,  particularly  that  from  Rimini,  in  Italy.  Mr. 
Walker  has  publifhed  a fpecimen  of  the  fmall  microfcopic  fliells 
which  are  found  on  our  own  coaft.  From  this  work  we  learn, 
that  there  are  fhell-fifh  as  fmall  as  the  minuted  infedts,  and 
podeded  of  beauties,  of  which  we  can  form  no  conception  till  we 
have  feen  them.  Mr.  Walker's  work  is  entitled,  “ A Colledlion  of 
the  minute  and  rare  Shells  found  on  the  Sea-fhore  near  Sand- 
wich.” 1 here  is  a fand  from  Africa  full  of  fmall  garnets.  The 
ketton,  or  kettering  done,  is  a pleafmg  objeft ; when  examined 
by  the  microfcope,  we  find  the  grain  of  it  very  different  from  that 
of  other  dones,  being  compofed  of  innumerable  minute  balls, 
which  barely  touch  each  other,  and  yet  form  a fubdance  much 

harder 

* Jones’s  Le&ures  on  the  Figurative  Language  of  the  Holy  Scriptures. 
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harder  than  free-done ; the  grains  are,  in  general,  To  firmly 
united  together  at  the  points  of  contaft,  that  it  is  hardly  podible 
to  feparate  them  without  breaking  one  or  both  of  the  grains. 
See  Hooke’s  Micrographia. 


Insects  of  all  kinds,  both  Foreign  and  domedic,  are  pleafing 
■objedts ; but  as  the  foreign  ones  are  not  fo  eafily  met  with,  1 
(hall  mention  but  a few  of  them,  confining  myfelf  principally  to 
thole  of  this  country.  Among  the  exotic  infe&s  none  appear  more 
beautiful  in  the  microfcope  than  the  curculio  imperialis,  Brazil, 
or  diamond  beetle ; the  bupredis  ignita,  a large  beetle  from 
China;  the  meloe  veficatorius,  blider-dy,  or  cantharis  of  the 
fhops ; feveral  fpecies  of  locuds,  grafshoppers,  &c.  Among  the 
Englilh  beetles  we  may  reckon  the  fcarabaeus  auratus,  or  rofe 
chaffer,  fcarabaeus  nobilis,  fcarabaeus  horticola,  filpha  aquatica, 
cadida  nobilis  and  nebulofa.  Coccinella,  or  lady-cow  ; of  thefe 
there  are  great  variety,  both  in  fize  and  colours,  fome  red  and 
black,  others  black  and  red,  and  fome  yellow  and  black.  Chry- 
fomela,  graminis-faduofa,  nitidula,  fericea,  melanopa,  afparagi, 
vide  Plate  XX.  Fig.  2.  Curculio-frumentarius,  lapathi,  betuta, 
nucum,  fcrophularia,  argenteus,  a beautiful  little  infedt  refem- 
bling  the  diamond  beetle,  but  in  miniature ; curculio  albinus, 
very  beautiful,  but  fcarce  in  this  country.  Leptura  aquatica, 
thefe  are  of  various  colours,  as  blue,  purple,  bronze,  and  crim- 
fon.  Arcuata  ariHis,  very  common,  and  is  often  called  the  wafp 
beetle.  Cicendela  campedris,  on  dry  banks.  Carabus  nitens, 
found  in  Yorkfhire,  a beautiful  infe£t,  many  fmall  carabi.  Gryl- 
lus,  gryllo  talpa,  or  mole  cricket ; this  infe61,  and  the  grafs- 
hoppers, are  many  of  them  too  large  to  be  obferved  at  one  view, 
but  the  head,  fore  and  hind  feet,  elytra,  &c.  viewed  feparately, 
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are  fine  obje&s.  Cicada,  fanguinolenta,  nervofa*  interrupt, 
notonedta  ftriata,  minutiflima,  head  and  claws  of  the  nepa  cine- 
rea,  or  water-fcorpion,  and  the  whole  variety  of  cimeces,  or 
field  bugs.  The  wings  of  butterflies  and  moths,  the  chryfalis  of 
the  common  white  butterfly,  is  extremely  fine. 


Iwifh  it  were  in  my  power  to  invite  the  reader  to  confider  the 
pupa  ftate  of  thefe  infefts,  as  he  would  find  them  interefting  in 
various  points  of  view.  Perhaps  the  following  paffage  from  an 
ingenious  writer  may  have  this  effeft. 


“ Some  of  thefe  creatures  crawl  for  a time  as  helplefs  worms 
upon  the  earth,  like  ourfelves.;  they  then  retire  into  a covering, 
which  anfwers  the  end  of  a coffin,  or  a fepulchre,  wherein  they 
are  invifibly  transformed,  and  come  forth  in  glorious  array,  with 
wings  and  painted  plumes,  more  like  the  inhabitants  of  the  hea- 
vens thanfuch  worms  as  they  were  in  their  former  ftate.  This  trans- 
formation is  fo  ftriking  and  pleafant  an  emblem  of  the  prefent,  in- 
termediate, and  glorified  ftate  of  man,  that  people  of  the  molt  re- 
mote antiquity,  when  they  buried  their  dead,  embalmed  and  in- 
clofed  them  in  an  artificial  covering,  fo  figured  and  painted,  as 
to  referable  the  caterpillar  in  the  intermediate  ftate  ; and  as 
Jofeph  was  the  firft  we  read  of  that  was  embalmed  in  Egypt, 
where  this  cuftom  prevailed,  it  was  probably  of  Hebrew 
original.” 


The  eggs  of  moths  and  butterflies,  particularly  the  phahena 
neuftria,  vide  Plate  X,  Fig.  1105.  The  bodies  and  heads  of 
many  libellulae* 

Many 


Microscopical  Essays. 


691 

Many  of  the  ichneumon  flies,  fpheges  and  wafps,  head  of  the 
hornet,  fling  of  ditto,  colle&ors  of  the  bee,  many  forts  of  mufcae, 
or  flies  with  two  wings,  efpecially  thofe  whofe  bodies  are  highly 
coloured ; acari,  or  ticks ; phalangium  cancroides,  vide  Plate 
XVIII.  Fig.  1 and  6.  Some  fpiders,  but  the  eyes  of  all ; the 
onifcus  or  wood  loufe,  julus,  and  fcolopendrae. 

The  feathers  of  peacocks,  and  many  other  birds,  have  a grand 
effect  when  viewed  in  the  opake  microfcope,  as  have  alfo  fome 
fpecies  of  ferns,  mofles,  and  wood  cut  tranfverfelv.  Madrepores, 
millepores,  fponges,  corralines,  &c.  exhibit  wonderful  appear- 
ances, not  difcernible  to  the  naked  eye.  Parts  of  echini  or  fea 
eggs,  fpines  of  ditto ; thefe  may  alfo  be  cut  tranfverfely,  to  Ihew 
their  conftrudion.  Minute  fhells  differed,  Ikin  of  many  fpecies 
of  fifh,  particularly  the  lump  fifh,  Plate  XVIII.  Fig.  2.  Soal, 
and  the  rafp  fifh  from  Otaheite,  alfo  the  fkins  of  fnakes,  lizards, 
guanas,  &c.  &c.  An  endlefs  variety  will  be  difeovered  in 
feeds. 

The  exterior  form,  and  even  the  internal  ftru&ure  of  the  gene- 
rality of  vegetable  feeds,  have  been  fuppofed  by  fome  fo  much 
alike  in  the  feveral  kinds,  and  of  fo  little  curiofity  and  beauty  in 
the  whole,  that  they  have  fcarcely  been  regarded  by  the  curious  ; 
but  when  nearly  examined,  with  the  help  of  microlcopes,  they 
are  found  to  be  worthy  of  a greater  attention  j thofe  which  ap- 
pear mod  like  to  one  another,  when  viewed  by  the  naked  eye, 
often  proving  as  different  when  thus  examined,  in  their  feveral 
forms  and  charafters,  as  the  different  genera  of  any  other  bodies 
of  the  creation.  If  their  external  forms  carry  all  this  variety  and 
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beauty  about  them,  their  internal  ftrudture,  when  laid  open  by 
different  fcdiions,  appears  yet  more  admirable.' 

The  feed  of  the  muflc  fcabious-  is  amazing  in  it’s  ffiape  and 
ftrudture  ; it  refembles  in  figure  an  ©diagonal  vafe,.  with  a fcal- 
loped  brim  ; the  whole  is  bell-fafhioned,  having  ribs  or  divifions, 
which  run  down  from  the  mouth  of  the  vafe,  and  thence  be- 
coming narrower,  form  the  bottom.  Between  thefe  ribs,  down 
to  the  beginning  of  the  narrow  part,  it  is  clear,,  though  not 
wholly  tranfparent,  and  from  thence  to  the  bottom  the  ribs  are 
hairy.  This  vafe  contains  a feed,  which  is  like  a peftle  ftanding 
in  a mortar.  The  peftle  ftands  loofe  in  an  odiagonal  cafe,  but 
the  narrownefs  of  the  mouth  of  this  vafe  hinders  the  peftle’s  being, 
drawn  out,  becaufe  it’s  extremity  within  is  rounded,  and  thicker 
than  any  other  part  of  it.  From  it’s  upper  end  there  arife  five 
fpiculated  areftse,  or  awns,  whofe  little  thorns  are  diredted  up- 
wards, and  are  thereby  prepared  to  caufe  the  feed  to  recede  from 
any  thing  that  might  injure  it  on  being  touched.  The  bafon, 
from  which  thefe  ariftae  arife,  is  of  a fine  green  colour,  and  they 
are  of  an  elegant  fhining  brown. 

The  feed  of  the  great  maple,  which  we  commonly,  but  im- 
properly, call  the  fycamore  tree,  confifts  of  a pod  and  it’s  wing ; 
two  of  thefe  grow  upon  a pedicle,  with  the  pods  together,  which 
makes  them  refemble  the  body  of  an  infedt  with  it’s  expanded 
wings  : the  wings  are  finely  vafculated,  and  the  pods  are  winged 
with  a fine  white  down,  refembling  filk  : this  contains  a round 
compadt  pellet,  covered  with  a brown  membrane,  that  fticks  very 
clolely  to  it.  When  this  is  pulled  off,  inftead.  of  difcerning  a 
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kernel,  as  in  other  feeds,  there  appears  an  entire  green  plant, 
folded  up  in  a mod:  furprizing  manner.  The  pedicle  of  this  is 
about  two-eighths  of  an  inch  long,  and  it’s  feminal  leaves  of  about 
fix-eighths  each ; between  thefe  the  germina  of  the  next  pair  of 
Ibaves  are  plainly  vifible  to  the  naked  eye,  but  with  a microfcope 
they  are  feen  with  the  greateft  beauty  and  perfection.  Thefe,  and 
a number  of  fuch  other  beauties  in  this  part  of  the  creation,  are 
defcribed  at  large  by  Dr.  Parfons,  in  his  work  entitled,  “ A 
Microfcopic  Theatre  of  Seeds.”  Mod;  kinds  of  feeds  fhould  be 
prepared  for  a microfcopical  examination,  by  deeping  them  in 
warm  water  till  their  coats  are  feparated,  and  their  feminal  leaves 
may  then  be  opened  without  laceration.  But  feeds,  while  dry, 
and  without  any  preparation,  are  of  an  almod  infinite  variety  of 
Ihape,  and  afford  a number  of  pleafing  objefts  for  the  micro-- 
feope. 

Transparent  Objects, 

We  may  feleCl  from  the  elytra,  or  upper  wings  of  beetles,, 
many  beautiful  objefts ; the  condruftion  of  thefe  will  be  found 
to  differ  very  much ; the  membranaceous  wings,  as  in  the  fcara- 
bteus  folditialis,  or  fmall  cock- chaffer ; blatta  americana,  or 
cock-roach;  all  the grylli,  as  locuds,  grafshoppers,  &c.  Among 
the  cicadas,  die  elytra  of  the  nervofa  are  the  mod  elegant,  the 
nerves  are  elevated,  and  curioudy  fpotted  with  brown.  The 
elytra  of  the  cimeces,  or  field  bugs,  which  are  a very  numerous 
tribe,,  afford  a great  variety  of  objeCls ; we  may  fe!e£t  from  thefe, 
as  t’he  mod  beautiful,  the  elytra  of  the  cimex  baccarum,  driatus, 
Plate  XX.  Fig.  2.  The  elytra  of  the  fulgora  Candelaria,  from 
China,  differs  edentialiy  from  all  others. 

The 
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The  under,  or  more  tran fparent  wings  of  beetles  excite  our 
attention  even  more  than  the  upper,  or  cruflaceous  ones ; for 
whether  we  confider  the  delicacy  of  their  texture,  the  great 
weight  that  many  of  them  are  calculated  to  fuftain  in  the  air,  or 
the  very  curious  manner  in  which  they  fold  them  up  under  the 
upper  cafe,  their  mechanifrn  muff  aftonifh  and  delight  us  ; no 
two  genera  will  be  found  alike,  though  every  individual  of  the 
fame  genus  will  be  exaff  ; the  wing  of  the  forficula,  or  earwig, 
Plate  XIX.  Fig.  1,  is  an  elegant  fpecimen  of  the  manner  of  their 
folding;  this  wing  folds  under  a cafe  not  one-eighth  of  it’s  fize. 

' ' * t * . ! 1 . i . ' ' ' 'j 

The  under  wing  of  the  blatta  orientalis,  a beetle  common  in 
moft  kitchens,  appears  to  unite  the  elytra  and  tranfparent  wings, 
partaking  in  fome  degree  of  both. 

Among  the  membranaceous  or  more  tranfparent-winged  in- 
fers, the  variety  is  endlefs,  each  genus  differing  effentially  from 
the  other,  fome  appearing  full  of  membranes,  or  nerves,  curiouffy 
difpofed ; others,  again,  with  fcarce  any,  like  a clear  piece  of 
talc,  or  ifinglafs  ; fome  exhibit  a curious  ground-work  of  points, 
which,  on  clofe  examination,  prove  fhort  hairs,  while  the  nerves 
of  others  are  furnifhed  with  little  feales,  or  feathers,  as  in  fome 
fpecies  of  the  gnat.  The  wings  of  many  mufese  are  coloured 
with  black,  brown,  and  white,  in  clouds,  fpots,  flripes,  See.  &c. 

The  libellulse,  or  dragon-flies,  alone  afford  a great  variety,  not 
only  in  form,  but  colour ; thefe  are  all  furnifhed  with  numerous 
and  very  ftrong  nerves,  adapted  to  the  velocity  of  their  flight ; 
the  wings  of  the  ephemera,  or  May  flies,  are  much  more  delicate, 
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uiefe  flies  reft  with  their  wings  eredt.  The  phryganeae  differ  very 
much  from  the  foregoing,  and  alfo  from  one  another ; their  under 
wings  fold,  and  the  upper  ones  are  of  a ftronger  texture,  many 
of  them  fo  much  refembling  fmall  moths  as  not  eafdy  to  be  dif- 
tinguifhed  from  them : thefe  are  all  found  in  the  vicinity  of  ponds 
or  marfhy  places.  In  the  hemerobii  a wonderful  degree  of  ele- 
gance is  exhibited  in  the  difpofition  of  the  nerves,  which  compofe 
their  wings,  each  nerve  being  adorned  with  hair  in  a beautiful 
manner;  there  are  many  fpecies  of  thefe  flies  equally  beautiful,  a 
fpecimen  is  given  in  Plate  XIII.  Fig.  1.  The  ichneumon  fly  has 
four  tranfparent  wings,  the  inferior  ones  fmaller,  and  more  deli- 
cate than  the  fuperior ; the  tube  through  which  the  female 
depofits  it’s  eggs,  is  an  additional  objedt  well  worth  attention. 
The  wings  of  wafps  are  folded  longitudinally,  the  wings  of  the 
large  bee  are  very  curious.  Gnats  in  general,  and  the  various 
fpecies  of  tipulae,  together  with  the  clouded  and  variegated  wings 
of  the  mufcse,  tabani,  &c.  increafe  the  catalogue  beyond  the 
power  of  enumeration ; in  fliort,  there  is  not  a .wing  but  has  it’s 
particular  beauties,  and  will  amply  repay  the  attentive  obferver. 
The  current  fphinx  moth  connedis  the  tranfparent  and  farinaceous 
wings  part  king  of  both,  and  the  white  plumed,  and  many  plumed 
moths,  exhibit  wings  totally  different  from  all  the  reft;  many 
other  fmall  moths  furnilh  wings  fufhciently  tranfparent  for  obfer- 
vation,  the  fringe  or  edges  being  remarkably  beautiful. 


Many  fmall  infedts  that  are  not  too  opake,  may  be  viewed  and 
examined  as  tranfparent  objedis ; as  fome  of  thefe  have  been  par- 
ticularly noticed  by  the  early  microfcopic  writers,  it  will  be  necef- 
fary  to  give  fome  account  of  them,  as  without  it  the  work  might 
be.  deemed  incomplete.  Every  one  is  acquainted  with  the  agility 

and. 
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and  blood- thirfly  difpofition  of  the  flea,  of  the  caution  with  which 
it  comes  to  the  attack,  and  the  readinefs  with  which  it  avoids 
purfuit.  It  belongs  to  the  clafs  aptera,  has  two  eyes,  fix  feet, 
particularly  cOnflru&ed  for  leaping,  the  feelers  are  filiform,  the 
roflrum  is  inflected,  fetaceous,  and  armed  with  a fling  ; the  bellv 
is  cornprefled.  This  creature  is  produced  from  eggs,  which  thev 
depofit  on  the  animals  that  afford  them  food,  or  affix  them  to  the 
wool  of  blankets,  rugs,  &c.  of  thefe  eggs  are  hatched  white 
-worms,  which  adhere  clofely  to  the  body  of  the  animal,  or  other 
fubflance  on  which  they  are  produced  ; in  a fortnight  they  come 
to  a tolerable  fize,  and  are  very  lively  and  adlive;  but  if  they 
are  touched  at  this  time,  they  roll  themfelves  up  in  a ball.  After 
about  eleven  days  from  the  time  of  their  being  hatched,  they  feek 
a place  to  hide  in,  and  if  viewed  by  a microfcope,  will  be  found 
weaving  a covering  or  bag,  in  which  they  affume  the  pupa  (late, 
where  they  continue  from  nine  days  to  a fortnight,  when  having 
acquired  fufficient  flrength,  they  burfl  from  their  confinement, 
perfectly  formed,  and  armed  with  powTers  4o  diflurb  the  peace  of 
an  emperor. 

The  flea  when  examined  by  the  microfcope  is  not  an  unplea- 
ling  obje6i : it  is  difficult,  however,  to  obtain  fuch  a view  of  it  as 
will  difplay  the  mechanifm  and  apparatus  belonging  to  the  head. 
Thefe  parts  are  but  imperfe&ly  reprefented  in  the  celebrated 
drawing  of  Dr.  Hooke.  The  neck  is  long,  finely  arched,  and 
much  refembles  the  tail  of  a lobfter ; the  body  is  covered  all  over 
with  a fuit  of  fable  armour,  formed  of  a hard  ffielly  fubflance, 
curioufly  jointed  and  folded  over  one  another,  and  yet  yielding 
to  all  the  nimble  motion  of  the  little  animal : the  edges  of  the 
fcales  are  curioufly  fet  with  fhort  fpikes  or  hairs : it  has  two 
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fharp  eyes  to  look  before  it  leaps,  for  which  purpofe  it’s  legs  are 
excellently  adapted,  for  the  joints  are  fo  conftru&ed  that  it  can 
fold  them  up  as  it  were,  and  when  it  leaps,  fpring  them  out  all 
at  once,  whereby  it’s  whole  ftrength  is  exerted,  and  the  body 
often  raifed  two  hundred  times  it’s  own  diameter ; there  are  fe- 
veral  joints  in  the  legs ; they  are  alfo  very  hairy,  and  terminated 
by  two  long  hooked  {harp  claws  ; the  two  fore  legs  are  placed 
very  near  the  neck,  and  often  conceal  the  probofeis  frdm  our 
view,  the  other  four  join  all  at  the  bread  : the  flexure  of  the 
two  fore  ones  is  contrary  to  that  of  the  hinder  ones  : the  pro- 
bofeis, or  fucker,  with  which  it  penetrates  the  fkin,  is  placed  at 
the  end  of  the  fnout,  and  is  not  eafily  l'een,  except  the  two  fore 
legs  are  firft  removed ; in  it  are  included  a couple  of  darts  or 
lancets,  which,  after  the  probofeis  has  made  an  entrance,  are 
thrufl  farther  into  the  flefh,  and  make  the  blood  flow  from  the 
adjacent  parts,  and  occafion  that  round  red  fpot,  with  a hole  in 
the  center  of  it,  called  a flea  bite. 

The  bed  bug  is  another  naufeous  infedt,  “ that  intrudes  upon 
the  peace  of  mankind,  and  often  banifhes  that  fleep  which  even 
anxiety  and  forrow  permitted  to  approach  : the  night  is  the  fea- 
fon  when  the  bed  bug  iffues  from  it’s  retreat  to  make  it’s  depre- 
dations : by  day  it  lurks  in  the  molt  fecret  parts  of  the  bed,  takes 
the  advantage  of  every  chink  and  cranny  to  make  a fecure  lodge- 
ment, and  contrives  it’s  habitation  with  fo  much  art,  that  1’carce 
any  induftry  can  difeover  it’s  retreat : but  when  darknefs  promifes 
fecurity,  it  then  iffues  from  every  corner  of  the  bed,  drops  from 
the  teller,  and  crawls  from  behind  the  arras,  and  travels  to  the 
unhappy  patient,  who  vainly  wiflres  for  reft  and  refrefhment.  ’ 
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Thefe  infefts  are  as  difagreeable  from  their  naufeous  flench,  as 
their  unceafmg  appetites.  Linnaeus  thinks  that  they  are  not 
originally  of  European  growth,  but  were  imported  from  fome 
other  country.  It  has  two  brown  fmall  prominent  eyes,  two 
antennae,  and  a crooked  probofcis,  which  lies  clofe  under  the 
breafl.  Inflead  of  wings,  we  find  on  the  firfl  ring  of  the  belly, 
two  flat  pieces  which  entirely  cover  it,  and  extend  towards  the 
fides.  Thefe  plates,  the  trunk  and  the  head,  are  amply  fet  with 
hairs.  The  probofcis  is  divided  tranfverfely  into  four  parts,  which 
are  probably  fo  many  articulations ; this  piece  is  bell  feen  on  the 
underfide  of  the  bug.  It  has  fix  legs,  each  of  wThich  has  three 
joints;  the  fkin  is  chagrined,  and  the  feparation  of  the  rings 
ufually  marked  by  a fmooth  fhining  band.  On  the  belly,  at  a 
fmall  diflance  from  the  edge,  you  may  perceive  a fet  of  circular 
fpots,  two  on  each  ring,  except  the  lafl ; thefe  are  the  fpiracula. 
Examined  internally  we  find  one  large  artery,  a flomach,  and  in- 
teflines.  The  inflant  it  perceives  the  light  it  endeavours  to  gain 
it’s  habitation,  and  feldom  fails  in  making  good  it’s  retreat. 

Of  the  loufe.  Various  as  are  the  antipathies  of  mankind,  all 
feem  to  unite  in  their  diflike  to  this  animal,  and  to  regard  it  as 
their  natural  and  mofl  naufeous  enemy.  “ Whenever  wretched- 
nefs,  difeafe,  and  hunger,  feize  upon  man,  the  loufe  feldom  fails  to- 
add  itfelf  to  the  tribe,  and  to  increafe  in  proportion  to  the  number 
of  his  calamities.” 

When  the  human  loufe  is  examined  by  the  microfcope,  it’s 
deformity  fills  us  with  difgufl.  In  the  head  we  may  diftinguifli 
two  fine  black  eyes,  near  this  are  the  two  antenna; : the  fore  part 
of  the  head  is  rather  long,  the  hinder  more  obtufe  or  rounder; 
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there  is  a fmall  part  that  proje&s  from  the  nofe  or  fnout,  this 
ferves  as  a fheath  or  cafe  to  the  probofcis,  which  the  creature 
thrufts  into  the  fkin  to  draw  out  the  blood  and  humours  which 
are  it’s  deftined  food,  for  it  has  no  mouth  which  opens  in  the 
common  way. 

This  probofcis  has  been  eftimated  to  be  feven  hundred  times 
fmaller  than  a hair,  and  is  contained  in  another  cafe  within  the 
firft,  and  can  be  drawn  in  or  thru  ft  out  at  pleafure : the  (kin  is 
hard  and  tranfparent.  From  the  under  fide  proceed  fix  legs, 
each  of  which  has  five  joints,  and  terminates  in  two  unequal 
hooked  claws,  thefe  it  ufes  as  we  would  a thumb  and  finger ; 
there  are  hairs  between  the  claws,  as  well  as  all  over  the  legs ; 
the  body  finilhes  in  a cloven  tail,  which  is  generally  covered,  and 
partly  concealed  by  hairs. 

From  the  extreme  tranfparency  of  it’s  (kin,  many  of  it’s  inter- 
nal parts  may  be  feen,  as  the  various  ramifications  of  the  veins 
and  arteries,  and  the  periftaltic  motion  of  the  guts.  When  the 
loufe  feeds,  the  blood  is  feen  to  rufh  like  a torrent  into  the 
ftomach,  and  it’s  greedinefs  is  fo  great,  that  the  excrement  con- 
tained in  the  inteftines  is  ejefted  at  the  fame  time,  to  make  room 
for  this  new  fupply.  There  is  fcarce  any  animal  that  multiplies 
fo  faft  as  this  unwelcome  intruder,  the  moment  it  is  excluded 
from  the  egg  it  begins  to  breed. 

It  would  be  endlefs  to  defcribe  the  various  creatures  which  go 
under  the  name  of  lice,  and  fwarm  upon  every  part  of  nature. 
The  reader  who  wilbes  for  a more  particular  account  of  thofe 
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which  infeft  various  animals,  would  do  well  to  look  into  Rhedi’s 
Treatife  de  Generatione  Infeftorum. 

The  fpider  is  another  infeft  which  is  often  examined  by  the 
microfcope,  and  certainly  affords  much  matter  for  obfervation. 

Formed  for  a life  of  rapacity,  and  incapable  of  living  but  by 
blood,  all  it’s  habits  are  calculated  to  deceive  and  furprize ; it 
fpreads  toils  to  entangle  it's  prey  ; it  is  endued  with  patience  to 
expeft  it’s  coming,  and  is  poffefled  of  arms  and  ffrength  to  deflroy 
it  when  fallen  into  the  fnare. 

“ To  heedlefs  flies  the  window  proves 

A conftant  death  ; where,  gloomily  retired. 

The  villian  fpider  lives,  cunning  and  fierce. 

Mixture  abhorr’d  ; amid  a mangled  heap 
Of  carcafes,  in  eager  watch  he  fits, 

O’erlooking  all  his  waving  fnares  around: 

Near  the  dire  cell  the  dreadlefs  wanderer  off 
Paffes,  as  oft  the  ruffian  ffiews  his  front ; 

The  prey  at  laft  enfnar’d,  he  dreadful  darts 
With  rapid  glide  along  the  leaning  line  ; 

And,  fixing  in  the  wretch  his  cruel  fangs, 

Strikes  backward  grimly  pleas’d  : the  flutt  ring  wing 
And  fhriller  found  declare  extreme  diflrefs. 

And  afk  the  helping  hofpitable  hand.” 

The  eyes  of  the  fpider  are  a very  beautiful  microfcopic  objeft, 
viewed  either  as  tranfparent  or  opake  ; they  have  generally  eight, 
two  on  the  top  of  the  head,  that  look  direftly  upwards ; two 
in  the  front,  a little  below  the  foregoing,  to  difeover  what 

pa  lies 


Microscopical  Essays. 


701 


pafles  before  it ; and  on  each  fide  a couple  more,  one  whereof 
points  fideways  forward,  the  other  fideways  backward  ; fo  that  it 
can  fee  almoft  all  round  it.  They  are  immoveable,  and  feem  to 
be  formed  of  a hard,  tranfparent,  horny  fubflance.  The  number 
of  eyes  is  not  the  fame  in  all  the  fpecies  of  the  fpider.  They 
have  eight  legs,  with  fix  joints,  thickly  befet  with  hairs,  and  ter- 
minating in  two  crooked  moveable  claws,  which  have  little  teeth 
like  a faw  ; at  a fmall  diflance  from  thefe  claws,  but  placed  high- 
er up,  is  another,  fomewhlt  like  a cocks  fpur,  by  the  afliflance  of 
which  it  adheres  to  it’s  webs ; but  the  weapon  wherewith  it 
feizes  and  kills  it’s  prey  is  a pair  of  fharp  crooked  claws,  or  for- 
ceps, placed  in  the  fore-part  of  the  head.  They  can  open  or 
extend  thefe  pincers  as  occafion  may  require  ; when  undifturbed, 
they  fuffer  them  to  lie  one  upon  another.  Mr.  Leeuwenhoeck 
fays,  that  each  of  thefe  claws  has  a fmall  aperture,  or  flit, 
through  which  he  fuppofes  a poifonous  juice  is  inje&ed  into  the 
wound  it  makes. 

The  exuvia  of  the  fpider,  which  may  be  found  in  cobwebs, 
being  tranfparent,  is  an  excellent  objeft ; and  the  fangs,  or  for- 
ceps, may  be  eafier  feparated  from  it,  and  examined  with  more 
exaclnefs  than  in  a living  fpider.  The  contexture  of  the  fpider’s 
web,  and  their  manner  of  weaving  them,  have  been  difcovered 
by  the  microfcope.  The  fpider  is  fupplied  with  a large  quantity  of 
glutinous  matter  within  it’s  body,  and  five  dugs,  or  teats,  for 
fpinning  it  into  thread.  This  fubflance,  when  examined 
accurately,  will  be  found  twilled  into  many  coils,  of  an  agate 
• colour,  and  which,  from  it’s  tenacity,  may  be  eafily  drawn  out 
into  threads.  The  five  teats  are  placed  near  the  extremity  of  the 
tail  : from  thefe  the  aforefaid  fubflance  proceeds ; it  adheres  to 
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any  thing  it  is  preded  againd,  and  being  drawn  out,  hardens  in  the 
air.  The  fpider  can  contract  or  dilate  at  pleafure  the  orifices 
through  which  the  thread  is  drawn.  The  threads  unite  at  a 
fmall  diftance  from  the  body,  fo  that  thofe  which  appear  to  us  fo 
fine  and  fingle,  are  notwithdanding  compofed  of  five  joined  to- 
gether, and  thefe  are  many  times  doubled  when  the  web  is  in 
formation. 

The  gnat  is  a beautiful  objell  for  the  microfcope.  We  have 
already  noticed  the  curious  manner  in  which  they  difpofe  their 
eggs  upon  the  furface  of  the  water.  Thefe,  as  they  come  to  ma- 
turity, fink  deeper.  There  is  no  fpecies  of  infefl  more  trouble- 
fome  to  mankind  than  the  gnat : others  give  more  pain  with  their 
flings,  but  it  is  only  by  accident  we  are  (lung  by  them ; but  the 
gnats  third  for  our  blood,  and  follow  us  in  whole  companies  for 
it.  There  are  many  marfhy  places  in  our  country,  where  the 
legs  and  arms  of  the  inhabitants  are  kept  fwelled  all  the  fummer 
by  the  biting  of  thefe  infers : in  many  other  countries  they  are 
yet  more  troublefome  than  with  us.  It  is  one  of  thofe  infers 
which  pafs  through  two  dates  of  life,  feemingly  quite  oppofed  to 
each  other ; in  one  condition  fwimming  in  the  water  like  fifh,  in 
the  other  becoming  like  the  birds,  inhabitants  of  the  air. 

From  the  egg  proceeds  the  larva,  in  which  date  it  is  mod 
happily  fuited  to  (hew  the  feveral  operations  of  life ; for  a 
moderate  magnifying  power  will  difcover  what  pafles  within  it’s 
tranfparent  body.  It  has  a large  fcaly  head,  with  two  large  an- 
tennae, befides  feveral  hairy  parts,  and  articulated  bridles  near 
the  mouth,  which  are  in  continual  motion.  If  the  worm  be  dif- 
fered, the  feet  of  the  gnat  may  be  found  folded  up  in  the 
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divisions  of  the  thorax  ; the  abdomen  is  divided  into  eight  rings, 
from  the  edges  of  each  of  which  three  or  four  briftles  proceed. 
The  taiJ  is  divided  into  two  parts,  of  very  different  forms ; by 
one  of  thefe  it  can  fleer  itfelf  any  way,  in  the  other  we  may  dis- 
cover two  pulmonary  tubes,  through  which  the  infe6l  breathes. 
The  larva  has  a power  of  moiflening  the  tail  with  an  oleaginous 
liquor,  by  which  means  it  can  fufpend  itfelf  on  the  furface  of  the 
water.  On  agitating  the  water,  the  worms  defcend  with  precipi- 
tation to  the  bottom  ; but  they  foon  return  to  the  furface,  to 
breathe  the  air  through  the  tube  that  is  annexed  to  their  tail. 
They  pafs  from  this  (late  into  that  of  the  pupa,  which  is  the  gnat 
inclofed  in  a thin  fkin,  under  which  it  is  formed  and  flrengthened, 
the  organs  of  refpiration  are  changed,  breathing  in  this  flate 
through  a couple  of  horns,  which  are  placed  near  the  head, 
keeping  itfelf  rolled  upon  the  furface  of  the  water,  though  on 
the  leafl  motion  it  defcends,  unrolling  itfelf,  aided  by  the  oars  near 
the  tail. 

From  the  fpoils  of  the  pupa,  a little  winged  infefl  proceeds, 
whofe  every  part  is  aflive  to  the  lafl  degree,  and  whofe  whole 
flruflure  is  the  juft  objefl  of  our  admiration.  It’s  head,  adorned 
with  feathers,  is  a fine  microfcopic  objeft ; but  the  probofcis  may 
be  deemed  one  of  the  mofl  curious  inflruments  in  the  infeft  cre- 
ation. It  confifls  of  a fcaly  fheath ; at  about  two-thirds  from  the 
end  of  this  there  is  an  aperture,  through  which  it  darts  four 
pieces;  one  of  thefe  is,  however,  no  more  than  the  cafe  in  which 
die  others  lie  concealed.  5 
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The  probofcis  of  the  gnat  confifls  of  a great  number  of  ex- 
tremely delicate  pieces,  all  concurring  to  one  purpofe ; this  is 
the  inflmment  with  which  it  flrikes  the  flefh,  and  fucks  the  blood 
of  animal  bodies.  The  only  part  exhibited  to  the  naked  eye  is  the 
flieath,  which  contains  all  the  other  pieces.  The  fheath  is  a cy- 
lindric  tube,  which  is  flit  in  fuch  a manner,  .that  the  infefil  can 
feparate  it  from  the  dart,  and  bend  it  more  or  lefs  in  proportion 
as  the  dart  is  plunged  into  the  wound.  From  this  tube  the 
fling  is  darted,  which  confifls  of  five  or  fix  blades  or  lancets, 
lying  one  over  the  other;  fome  of  thefe  are  fharpened like  a two- 
edged  fword,  while  others  are  barbed,  and  have  a vafl  number  of 
cutting  teeth.  When  this  bundle  of  blades  is  introduced  into  a 
vein,  the  blood  rifes  up  the  blades  as  fo  many  capillary  tubes. 
The  moment  the  gnat  lances  it’s  dart  into  the  flefh,  two  or  three 
drops  of  a fluid  are  infinuated  by  it  into  the  wound.  It  is  this 
fluid  which  is  fuppofed  to  caufe  thofe  infupportable  itchings  that 
we  feel  when  flung  by  this  little  creature. 

Plate  XVI.  Fig.  1,  is  the  probofcis,  or  that  apparatus  of  a 
tabanus  with  which  it  pierces  the  fkin  of  horfes  and  oxen,  and 
nourifhes  itfelf  with  their  blood.  The  Angular  and  compound 
flrufture,  together  with  the  admirable  form  and  exquifite  beauty 
of  this  apparatus,  difeovers  fuch  a view  of  the  wifdom,  power* 
and  greatnefs  of  it’s  infinite  compofer,  as  rnufl  flrike  with  admi- 
ration every  contemplative  obferver,  and  lead  him  to  refiedt  on 
tile  weaknefs,  impotence,  and  nothingnefs  of  all  human  mecha- 
nifm,  when  compared  with  the  immenfe  fkill  and  inimitable 
finifhing  difplayed  in  the  fubjedl  before  us.  The  whole  of  this 
formidable  apparatus  is  compofed  of  fix  parts,  (exclufive  of  the 
two  guards,  or  feelers,  a a,)  all  of  which  are  inclofed  in  a flefliy 
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cafe,  which  in  the  figure  is  totally  removed,  as  it  contained 
nothing  remarkably  different  from  that  of  other  infers  with  two 
wings.  The  guards  or  feelers,  a a,  are  of  a fpungy  or  flefhy 
fubftance,  and  are  grey,  covered  with  fhort  haifs ; they  are  united 
to  the  head  by  a little  joint  of  the  fame  texture,  which  in  this 
view  of  the  objefl  could  not  be  {hewn.  Thefe  guards  are  a de- 
fence to  the  other  parts  of  the  apparatus,  as  they  are  laid  upon 
it  fide  by  fide  whenever  the  animal  flings,  and  by  that  means  pre- 
ferve  it  from  external  injury.  The  two  lancets,  b b and  B,  evi- 
dently open  the  wound,  and  are  of  a delicate  and  tender  llruflure, 
formed  like  the  differing  knife  of  the  anatomift,  with  a (harp 
point  and  {lender  edge,  but  gradually  increafing  to  the  back. 
The  two  fhaped  inftruments,  c c and  C,  appear  as  if  intended  to 
enlarge  the  wound,  by  irritating  the  parts  round  it ; to  accom- 
plilh  which,  they  are  jagged,  or  toothed ; they  may  alfo 
ferve,  from  their  hard  and  horny  texture,  to  defend  the  tube 
e E,  which  is  of  a fofter  nature,  and  tubular,  to  admit  the  blood, 
and  convey  it  to  the  ftomach ; this  delicate  part  is  inclofed  in  a 
cafe,  d D,  which  entirely  covers  it.  Thefe  parts  are  drawn 
feparately  at  B,  C,  D,  E.  De  Geer  obferves,  that  it  is  only  the 
females  that  fuck  the  blood  of  animals  ; and  Reaumur  declares, 
that  having  made  one  difgorge  itfelf,  the  blood  it  threw  up  ap- 
peared to  him  to  be  more  than  the  whole  body  of  the  infeft  could 
have  contained. 

The  exuvia,  or  call  fkin  of  infefls,  being  exceedingly  tranf- 
parent,  are  well  adapted  for  obfervation,  as  they  exhibit  the  out- 
ward appearance  of  the  little  animal ; among  thefe  we  may  reckon 
thofe  of  fpiders  and  cimeces,  but  particularly  the  forficula,  or 
earwig,  which  is  an  elegant  exuvia.  The  {lings  of  infefls  vary 
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not  only  in  their  form,  but  alfo  in  their  apparatus  ; mod  of  them 
require  diffetfion,  as  the  dings  (for  they  have  generally  two)  are 
inclofed  in  a hard  (heath,  or  cafe,  to  which  is  added  a pair  of 
feelers.  The  dings  of  bees,  wafps,  &c.  are  barbed,  while  that 
of  the  chryfis  is  ferrated,  or  notched  like  a faw. 

The  head  of  infedfs  is  furnifhed  with  an  indrument,  or  pro- 
bofcis,  various  as  the  infedis  themfelves,  but  all  deferving  the- 
utmod  attention,  being  admirably  adapted  to  their  different  ufes- 
and  purpofes.  Among  the  mod  remarkable  are  the  bed  bug, 
dea,  gnats,  empis,  conops,  &c.  to  which  we  may  add  the  fingu- 
iar  one  of  the  tabanus,  which  we  have  jud  now  defcribed.  We 
have  alfo  fo  fully  defcribed  the  bee’s  apparatus^  page  362,  that  it 
is  unneceffary  to  enlarge  on  it  here. 

The  antennae  of  moths,  butterflies,  and  mod  other  infedis, 
difplay  as  great  beauty  in  their  formation  as  they  are  endlefs  in 
their  variety  ; the  didinguifhing  charadlers  of  many  of  them  have 
been  defcribed,  page  175;  and  that  of  the  lepas  antifera  in  par- 
ticular, page  359. 

The  eyes  of  infedis  are  Angularly  conbrudfed,.  but  this  brudiure 
is  not  difcoverable  without  the  abidance  of  the  microfcope  ; the 
eyes  of  the  libellula  are  hexagonal,  vide  Plate  XVI.  Fig.  3 ; 
while  thofe  of  lobders  are  fquare,  as  may  be  feen  Plate  XVI.. 

Fig*  5- 

Hair  of  animals,  as  the  moufe,  goat,  large  bee,  and  many  fpe- 
eies  of  caterpillar,  particularly  the  tufts  on  the  head  and  tail  of 
the  larva  of  the  phalaena  antiqua,  offer  many  beauties  to  the 
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curious  obferver.  The  bridles  of  a hog,  cut  tranfverfeiy,  appear 
tubular,  and  the  root  of  hair  is  evidently  bulbous. 

The  mu fcular  fibres,  and  every  anatomical  preparation  that  can 
be  brought  under  the  micrpfcope,  are  pleafmg  objeCfs  ; the  reader 
will  meet  with  many  curious  and  intereffing  obfervations  on  the 
hairs,  the  mufcles,  nerves,  and  other  parts  of  the  human  body,  in 
Fontana’s  Treatife  on  the  Venom  of  Vipers,  printed  for  Murray. 

The  legs  of  all  iofefls  appear  very  much  diverfified,  and  their 
mechanifm  truly  aftonifhing,  according  with  their  different  occu- 
pations, as  particularized  page  179. 

Scales  of  filh,  as  foals,  roach,  dace,  falmon,  eels.  See.  as  alfo 
the  feales  of  fnakes,  lizards,  See.  See.  A fpecimen  of  feales 
is  given.  Plates  X.  and  XIX.  The  feales  form  a light,  but  at 
the  fame  time  a folid  and  fmooth  covering  to  the  fifb,  they  hinder 
the  fluid  from  penetrating  the  body,  for  which  purpofe  they  are 
laid  in  a kind  of  natural  oil;  they  ferve  alfo  as  a protection,  and 
break  the  force  of  any  accidental  blow,  which  may  be  the  reafon 
why  river  fifli  have  larger  and  ftronger  feales  than  fea  fifh,  being 
more  liable  to  accidents. 

Feathers,  and  parts  of  feathers,  are  not  to  be  paffed  by  or  un- 
noticed ; but  it  is  impoffible  to  point  out  any  of  thefe  in  preference 
to  others,  as  each  has  it’s  peculiar  beauties ; the  plumula  of  thefe 
have  generally  in  the  microfcope  the  appearance  of  a large  fea- 
ther ; the  pith  contained  in  the  quill,  if  cut  tranfverfeiy,  and  ex- 
amined, exhibits  an  admirable  reticular  texture.  Many  other 
parts  of  birds  will  afford  a great  variety  of  curious  objefls,  par- 
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ticularly  tjie  egg : Mr.  Martin  fays,  that  the  internal  fpungy  fub- 
flance  of  bones  may  be  better  obferved  in  thofe  of  birds  than  cf 
any  ether  animal  ; even  the  feathers  or  feales  of  a moth’s  wing 
amply  repay  the  obferver ; thefe  alfo  vary  in  their  texture  and 
figure;  but  the  largeft,  and  moll;  commonly  applied,  are  from  the 
body  of  the  fphinx  flellatarum,  or  humming-bird  moth  ; a fpeci-- 
men  is  given,  Plate  XVI.  Fig.  EFH  L 

Tranfverfe  feftions  of  all  kinds  of  wood,  efpecially  thofe  of  a- 
pithy  or  foft  nature  ; their  beauty  will  be  feen  by  the  figures  in: 
Plates  XXVII.  XXVIII.  XXIX. 

The  flowers  of  moft  graffes,  with  all  the  varieties  of  moffes  ; 
the  farina  of  flowers,;  mouldinefs,  which  evidently  appears  to 
vegetate;  all  the  kinds  of  fpunge,  fea  weeds,  particularly  the 
confervas,  which  is  jointed  like  a cane.  The  extenfive  family  of 
corallines  prefent  an  elegant  appearance ; the  mofl  beautiful  are 
the  fea  hair,  fea  fir^  fickle,  fox  tail,  &c.  deferibed  by  Ellis. 

DifTe&ed  leaves,  which  fhew  the  fibres  and  nerves ; the  human 
intefline,  injefted  with  wax,?  is  a fine  objeCl,  as  are  many  other 
anatomical  preparations.  The  feed  of  the  filver-rind  birch  ap> 
pears  like  an  infeCl;  feed  of  the  quaking  grafs  is  alfo  much 
admired,  as  is  the  leaf  which  covers  the  feed  of  forreL  Among 
artificial  productions,  the  edge  of  a razor,  and.  point  of  a fine 
needle,  as  alfo  fine  cambrick,  evidently  difeover  the  inferiority  cf 
the  workman ; particles  from  the  collifion  of  flint  and  Heel,  wire 
melted  by  the  eledric  explofion,  See.  See.  Sc c.. 

The 
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The  preceding  obje&s  being  moil  of  them  eafy  to'  be  procured 
by  thofe  who  have  leifure,  and  are  frequently  in  the  country,  an 
endlefs  variety  may  be  added  to  them  ; but  thofe  lovers  of  the 

icrofcope,  who  may  have  neither  leifure  nor  opportunity  to 
fearch  for  themfelves,  may  be  fupplied  with  all.  or  moll  of  them* 
or  indeed  with  objefts  to  almoft  any  extent,  by  applying  to  me. 
No.  60,  Fleet-Street,  London. 

Befides  the  above,  there  are  an  immenfity  of  objefts  which  can 
only  be  examined  alive,  or  when  found,  fuch  as  polypes,  minute 
aquatic  infecls ; animalcula,  of  various  infufions,  as  eels  in  pafte, 
vinegar,  &c.  The  eyes  and  teeth  of  fnails,  the  circulation  of 
the  blood  in  the  tail  of  fifties,  &e.  The  (hooting  of  falts.  See. 

The  following  extraft  from  a truly  philofophicai  writer,  will, 
I hope,  prove  acceptable  to  the  reader,  as  well  as  form  a proper 
conclufion  to  this  work. 

“ How  admirable  are  the  works  of  God’!  how  excellent  the 
operation  of  his  hands  !’ 

I confidered  plants,  and  animals  ; four-footed  beads,  and 
creeping  things;. 

In  all  was  manifefted  infinite  wifdom,  and  an  excellent  work- 
manlhip,  that  I could  not  comprehend. 

Yet  fo  much  was  made  known  unto  me,  as  declared  the  power 
and  goodnefs  of  God,  and  the  continued  agency  of  the  great 
Creator,  and  Lord  of  sill  things. 


I beheld 
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I beheld  the  caterpillar  ifluing  from  it’s  egg,  on  the  very  plant 
needful  for  it’s  fupport : 

For  there  the  parent  fly  had  placed  it,  that  it  might  have 
whereon  to  feed. 

It  enjoys  the  repafl,  it  weaveth  it’s  web,  and,  preparing  for  it’s 
end,  buildeth  itfelf  a rich  tomb. 

It  refteth  from  it’s  labours,  and  fleepeth  the  deep  of  death. 

At  the  appointed  time  it  is  raifed  again,  and  the  great  Creator 
of  all  things  giveth  it  a new  life. 

It  leaveth  it’s  allies  in  the  tomb,  and  afcends,  with  a more 
beauteous  form,  into  the  regions  of  the  air. 

How  glorious  are  it’s  wings ! and  it’s  limbs  how  delicate  ! 

It  is  covered  with  a rich  plumage ; and  furniflied  with 
myriads  of  eyes,  to  behold  all  around. 

With  it’s  trunk  it  furpafleth  the  art  of  the  chymift,  and  extra6l- 
eth  from  flowers  the  moll  delicious  fweets. 

It  forfakes  the  leaf  whereon  it  was  firft  nourilhed,  rejoicing  in 
the  bounty  of  it’s  Maker. 

But,  at  his  command,  it  is  mindful  of  it’s  offspring,  and  pro- 
vides for  the  fafety  and  fuftenance  thereof. 

6 


With 
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With  anxious  care  it  feeketh  out  the  plant  which  God  hath 
given  for  it’s  infant  worms. 

Though  it  feedeth  not  thereon,  neither  careth  for  the  verdant 
leaves,  yet  is  it  led  with  unerring  fearch,  and  never  faileth  in  it’s 
choice. 

* \ « 

It  curioufly  fpreadeth  forth  it’s  eggs ; and  without  thought,  ful- 
filled! it’s  appointed  talk. 

The  bee  juft  raifed  to  life,,  without  a teacher  fkilfully  forms  her 
cell. 

The  fage’s  art  is  known  to  her : fhe  has  difcovered  the  moft 
capacious  form,  and  the  beft  divifion  of  fpace. 

Without  fcale  or  compafs  (he  nicely  meafureth  her  work,  and 
with  great  care  ftrengtheneth  it’s  foundations. 

She  layeth  her  foundations  in  the  upper  part ; fhe  buildeth 
downwards,  even  unto  the  ground ; and  exquilitely  finifheth  her 
work,  furpafting  the  art  of  man. 

Behold  ! we  perceive  as  yet  but  a fmall  portion  of  his  works ; 
we  fee  the  operations  of  his  hands  as  through  a glafs  darkly ; 
yet  how  excellent  do  they  appear !”  * 

* Hymns  to  the  Supreme  Being,  in  Imitation  of  the  Eaftern  Sengs- 
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P P A R A T U S of  the  lucernal  microfcope,  79 ; of 


Cuff’s  double,  82 ; of  the  improved  compound,  87 ; of 
Culpeper’s,  91 ; of  the  opake  folar,  98  ; common  ditto,  102  ; 
parts  of  defcribed,  120. 

Adams’s  lucernal  microfcope  defcribed,  67 ; double  and  fingle 
microfcope  ditto,  83. 

Animalcula  in  infufions,  how  procured,  150  ; many  forts  defcri- 
bed, 454;  properties  of,  455  5 Needham  and  Buffon’s  fyftem 
concerning  them  confuted,  462. 

Antennae  of  infers,  their  varieties  defcribed,  175. 

Aphis,  or  puceron,  defcribed,  251. 

Anguillae,  or  eel-like  animalcula,  510. 


B 


Butterfield,  Mr.  his  method  of  making  glafs  globules,  9. 
Bonnani,  Philip,  his  compound  microfcopes  defcribed,  17. 
Barker,  Dr.  Robert,  his  improvement  on  the  compound  micro- 
fcope, 18. 

Bark  of  trees  defcribed,  660. 
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Botanical  microfcope  of  Dr.  Withering,  115;  common  ditto. 
116;  magnifiers,  117. 

Beetle  defcribed,  214. 

Bees,  their  manner  of  living,  257  ; different  forts  of,  282 
tapeftry,  283  ; mafon,  284 ; carpenter,  285 ; their  probofcis 
defcribed,  362. 

Blea  defcribed,  665. 

Bug  defcribed,  697. 

C 

Cellular  tiffue,  664. 

Corona  of  trees  defcribed,  6 69. 

Cryftallization  what,  680;  how  prepared  for  the  microfcope* 
163. 

Cuff ’s  double-conffru6fed  microfcope  defcribed,  80 ; how  to  life 
it,  81  ; lift  of  the  apparatus,  82. 

Culpeper’s  ditto,  89  ; how  to  ufe  it,  90  ; lift  of  it’s  apparatus,  91. 

Caterpillars,  curious  circumftances  relating  to  them,  313;  of  the 
phalaena  coftus,  defcribed,  324. 

Curculio  imperialis,  3,68. 

Chryfomela  afparagi,  389. 

D 

Divini,  Euftachio,  his  compound  microfcope  defcribed,  id. 

Dellebarre’s  microfcope,  23. 

E 

Eye,  nature  of  vifion  in  the,  3 1 . 

Ellis’s  aquatic  microfcope  defcribed,  110 ; to  ufe  it,  112. 
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Eels  in  pafte,  how  procured,  151  ; defcribed,  51 1;  in  vinegar, 
510  ; in  blighted  wheat,  518. 

Eggs  of  infefts,  265,  269. 

Elytra  of  infers,  368;  of  the  curculio  imperialis,  368. 

Earwig  defcribed,  374. 

Eyes  of  infeas,  373;  of  a libellula,  382;  of  the  monoculus 
polyphemus,  383. 

I 

F 

Focus,  what,  34. 

Feathers,  or  fcales  of  a moth’s  wing,  370. 

Forficula  auricularia,  or  earwig,  defcribed,  374. 

Filh,  their  fcales,  391. 

Flea  defcribed,  691. 

G 

Glafs  globules  ufed  as  microfcopes,  8 ; invention  attributed  to 
M.  Hartfoeker  and  Dr.  Hooke,  ibid,  method  of  making  them, 
9,  13;  ufed  with  fuccefs  by  T.  De  Torre  of  Naples,  10  ; 
apparatus  neceflary  for  making  them,  10. 

Globules  of  glafs  ufed  as  microfcopes,  13 ; method  of  making 
them,  13. 

Gray,  Stephen,  inventor  of  the  water  globules,  13. 

Gnat  defcribed,  702. 

H 

Hartfoeker,  invention  of  glafs  globules  attributed  to  him,  8. 
Hocke,  Dr.  the  manner  of  making  glafs  globules  in  1656 
defcribed  by  him,  8 ; his  method  of  ufing  the  fingle  micro- 
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fcope,  14;  his  compound  microfcope  defcribed,  16;  his 
method  of  meafuring  the  magnifying  power  of  the  compound 
microfcope,  58 ; his  method  of  fixing  objetts  intended  to  be 
drawn,  139. 

Hill,  Sir  John,  his  mode  of  preparing  branches  of  trees  for  ob- 
fervation,  158,  162. 

Hemerobius  perla  defcribed,  373. 

Hydra,  many  fpecies  of  defcribed,  398  ; their  food,  and  method 
of  feizing  their  prey,  409 ; geaeration  of,  415. 

I 

Janfens  and  Son,  microfcopes  made  by  them,  2. 

Infe&s,  a fcientific  account  of,  167  ; antennae  of  defcribed,.  1 75  ? 
legs  ditto,  179;  wings  ditto,  182;  particular  chara&ers  of, 
185  ; how  claffed  by  Linnaeus,  187  ; their  transformation,  189 ; 
the  larva  of,  193;  pupa  of,.  197;  their  refpiration,  240 
generation  of,  248  ; eggs  of,  265,  269 ; their  multiplication, 
271 ; food  of,  272  ; habitation  of,  278  ; wings  of,  367;  elytra 
of,  368  ; eyes  of  ditto,  375. 

L 

Lieberkuhn,  Dr.  his  microfcope  defcribed,  7 ; his  folar  ditto, 
19‘ 

Leeuwenhoeck’s  microfcopes  ditto,  7. 

Lucernal  microfcope,  invented  by  G.  Adams,  22  ; it’s  peculiar 
advantages,  65  ; fully  defcribed,  67. 

Light  rays  ufed  as  a folar  microfcope,  78 ; it’s  apparatus,  79 ; 
experiment  made  with,  29;  of  the  management  of  the,  131. 


Lenfes,, 
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Lenfes,  the  various  forts  defcribed,  37 ; their  ufes,  38,  39,  40. 

Lanthorn,  added  to  the  lucernal  microfcope,  67. 

Lamp,  Argand’s,  defcribed,  70. 

Lyonet’s  anatomical  microfcope  defcribed,  114;  his  mode  of 
preparing  obje&s,  138,  139. 

Libellula  defcribed,  231 ; it’s  eye  defcribed,  382* 

Lepas  anatifera  defcribed,  359. 

Leucofpis  dorfigera  defcribed,  385- 

Lobfter  infeft  defcribed,  386* 

Loufe  defcribed,  698. 

Lump-filh,  fkin  of,.  388.. 

M: 

Microfcopes,  firft  invention  of,  1 ; claimed  by  the  Dutch  and- 
Italians,  ibid,  their  ufe,  2 ; made  by  Zacharias  Janfen  and  his 
Son,  ibid,  defcription  of  one  defcribed  by  Aepinus,  3 ; known- 
to  the  Greeks  and  Romans,  ibid*  fingle  microfcope  defcribed, 
5 ; further  explained,  44  ; magnifying  power  of,  45 ; impro- 
ved by  Lieberkuhn,  66;  ditto  by  Leeuwenhoeck,  7;  fmall 
glafs  globules  ufed  inftead  of  convex  lenfes,  8 ; globules  of 
water  ditto,  13  ; two  drops  of  water,  14  ; compound  of  Dr* 
Hooke  defcribed,  16;  Euftachio  Divini’s  ditto,  16;  Philip 
Bonnani’s  ditto,  17 ; compound,  improved  by  Dr.  Robert 
Barker,  18;  by  Dr.  Smith,  18;  explained  fully,  46;  folar, 
invented  by  Lieberkuhn,  19 ; explained,  49 ; fully  defcri- 
bed, 99 ; lucernal,  invented  by  G.  Adams,  22  ; its  peculiar 
advantages,  65,  67  ; fully  defcribed,  67  ; ufed  as  a folar,  78 ; 
Delebarre’s,  23  ; the  different  forts  referred  to,  24  ; their  mag- 
nifying power,  53;  Cuff’s  double-conftru&ed  defcribed,  80*, 
Adams’s  improved  double  and  fingle,  83  ; improved  com- 
pound,. 


pound,  89 ; Culpeper’s,  or  three -pillar’d,  ibid,  improved 
iolar,  92  ; fcrew-barrel,  or  Wilfon’s  Tingle  pocket,  103  ; fcrole 
and  mirror  added  to  it,  io5;  fmall  for  opake  objects,  107; 
Ellis’s  aquatic,  110;  anatomical  of  Lyonet,  114;  botanical 
of  Dr.  Withering,  115;  common  ditto,  116;  and  telefcope,  a 
portable  one  defcribed,  118;  the  necelfary  preparation  for 
obfervation,  1 28. 

Medium,  what,  24  ; rare,  and  denfe,  ibid. 

Magnifying  power  of  microfcopes,  how  to  meafure,  54. 

Magnifiers,  botanical,  117. 

Magny,  Mr.  his  method  of  meafuring  the  magnifying  power  of 
lenfes,  55. 

M icrometer,  the  needle  defcribed,  59. 

Mufca  chameleon,  it’s  changes  defcribed,  220. 

Motion  of  the  wings  of  infefls  defcribed,  372. 

Monoculus  polyphemus,  or  king-crab,  eyes  of,  383  ; apus, 

391- 

Meloe  monoceros  defcribed,  390. 

N 

Needle  micrometer,  59. 

O 

Objects,  opake,  how  examined  in  the  lucernal  microfcope,  73  ; 
catalogue  of,  688  ; tranfparent  ditto,  76 ; catalogue  of,  693 ; 
mode  of  preparation,  134,  148. 


Polypes, 
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P 

Polypes,  dire&ions  for  finding,  &c.  152;  deferibed,  393;  re- 
produ&ion  of,  418. 

Pueeron,  fee  aphis. 

Probofcis  of  a bee  deferibed,  362  ; of  the  tabanus,  704. 

Pith  confidered,  67 1. 

R 

Rays  of  light,  experiments  made  with,  29  -3  continued,  36,  37, 
Refra&ion,  experiments  on,  35,  36. 

Rind  of  trees  confidered,  p.  654. 

S 

Smith,  Dr.  his  improvement  on  the  compound  microfcope,  i8~ 
Solar  microfcope  deferibed,  19;  improvements  on  do.  22;  full y 
deferibed,  99;  improved  fo  as  to  view  opake  as  well  as  tranfpa- 
rent  objedls,  92  ; how  to  ufe  it,  95. 

Swammerdam,  his  mode  of  preparing  objefts,  134,  13S. 

Salts,  how  prepared,  163. 

Silk  worm,  it’s  changes  and  manner  offpinning,  21 1. 

Skin  of  the  lump  fifh,  388 ; of  the  foal,  392. 

Scales  of  fifh,  391  ; of  the  parrot  fifh,  392  ; fea  perch,  392. 
Haddock,  392  ; a perch  from  the  Weft  Indies,  392  ; foal,  392; 
Spider  confidered,  700. 

Seeds  confidered,  692. 

T 

Torre,  T.  Di.  of  Naples,  his  mode  of  making  and  ufing  glafs 
globules,  10. 
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Termites  defcribed,  292.  ' ' ~7\ 

Timber,  organization  of,  652. 

Thrips  phyfapus  defcribed,  387. 

Tubularia,  a fpecies  of  polype  defcribed,  449. 

V 

Vifion,  the  nature  of,  28  ; in  the  eye,  31. 

Vegetables,  manner  of  preparing,  157. 

Vorticellae,  many  fpecies  of  defcribed,  433. 

Veflels  between  the  bark  and  rind  of  trees,  659 ; fap,  674  ; in- 
moft,  675. 

W 

Water,  globules  of,  ufed  as  microfcopes  by  Mr.  Gray,  13 ; two 
drops  of,  14. 

Wilfon’s  pocket  microfcope  defcribed,  103 improved  by  a 
fcrole,  106. 

Withering,  Dr.  his  botanical  microfcope,  115. 

Wafp,  the  mafon  ichneumon,  286. 

Wings  ofinfefts,  367  ; of  the  moth  and  butterfly,  370  ; motion 
of  ditto,  372  ; of  the  hemerobius  perla,  373  j of  the  earwig, 
374- 

Wood  confidered,  668. 
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Mathematical  and  Philofophical  Inftruments, 

MADE  AND  SOLD  BY 

GEORGE  ADAM  S, 

Mathematical  Inftrument  Maker  to  His  Majesty, 

No.  60,  Fleet-  Street , London. 


Optical  Inftruments. 


T H E bed  double-jointed  filver  fpeCtacles,  with  glaiTes  — 

The  belt  ditto,  with  Brazil  pebbles  

■Single  joint  filver  fpeCtacles,  with  glades  — — 

Ditto,  with  Brazil  pebbles  — — — 

Double  joint  fleel  fpeCtacles,  with  glades  

Another  fort  of  ditto  — — 

■Bed  fingle-joint  fpeCtacles  — — 

Ditto,  inferior  frames  ■ — — — - 

Nofe  fpeCtacles,  mounted  in  filver  — ^ — 

Ditto  in  tortoifefhell  and  filver  - — 

Ditto  in  horn  and  deel  — — 

Spectacles  for  couched  eyes 
SpeClacles  with  (hades 

Concave  glaffes  in  horn  boxes,  for  diort-fighted  eyes 
Ditto  mounted  in  tortoifefhell  atrcl  filver,  pearl  and  filver,  in  various 
manners,  and  at  different  prices 

Reading  glades,  from  as.  6d.  to  — — — 

■Opera  glades,  from  ios.  6d.  to  — — 

Ditto  of  an  improved  condruCtion  — — 

'■Concave  and  convex  mirrors  in  frames,  from  7s.  6d.  to  — 
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Telefcopes  of  various  lengths,  iizes,  and  prices 
Telefcopes  to  ufe  at  fea  by  night  — — I 

Acromatic  profpedts,  from  15s.  to  — — 2. 

Acromatic  telefcopes,  with  brafs  drawers,  which  may  Ibe  drawn  out  at 
once,  and  that  fliut  up,  conveniently  for  the  pocket,  from  il.  11s.  6d.  to  13 
An  optical  vade  mecum, . or  portable  acromatic  telefcope  and  microfcope, 
Sec.  for  tranfparent  andopake  objedts,  Sec.  from  3I.  13s.  6d.  to  4 

A thirty  inch  acromatic  telefcope,  with  different  eye  pieces  for  terreffrial 
and  celeftial  objedts,  from  81.  8s.  to  — — 1.1 

Ditto  with  rack  work 

An  acromatic  telefcope,,  about  three  feet  and  an, half  long,  with  different 
eye-pieces  — — — 18 

Refledting  telefcopes  of  all  the  various  fizes 
A three  foot  refledting  telefcope,  with  four  magnifying  powers 
A ditto  with  rack  work  — ' — 36 

A two  foot  refledting  telefcope,  with  rack  work',  and  four  magnifying 
powers  — — — 

A two  foot  refledting  telefcope,  with  two  magnifying  powers 
An  eighteen  inch  ditto  — — 

A twelve  inch  ditto  — ■ — — 

Double  refledting  microfcopes,  from  3I7  13s.  6d.  to  

Ellis’s  aquatic  microfcope  — — 

Wilfon’s  microfcope,  improved  — — — 

Adams’s  -lucernal  microfcope  for  opake  and  tranfparent  objedts,  being  th’a 
mod  perfedt  inffrument  of  the  kind  hitherto  contrived,  affording  more 
entertainment  and  inftruction  than  any  other  indrument-  — 

Solar  microfcopes  — — 

Ditto  for-opake  objedts  — — — 

Ditto  — — 

Camera  obfeuras,  from  8s.  6d.  to  — — 

Glafs  prifms,  from  7s.  6d.  to  — — — • 

Magic  lanthorns  1 — — - — 
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Geographical  and  Agronomical  Inftruments. 


Adams’s  new  eighteen  inch  globes,  n o anted  in  the  moft  approved  form, 
from  9.I.  9s.,  to  — ? — * 27 
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Ditto  in  the  Ptolemaic  or  common  manner  — 

Ditto,  12  inches  in  diameter,  mounted  in  the  belt  manner,  from  5I. 

Ditto  in  the  common  manner  — — 

An  armillary  dialling  fphere  — — 

Manual  orreries,  from  tl.  is.  to  — — 

Planetarium,  te'.lurian,  and  lunarium,  from  1 81.  18s.  to  — 

Adams’s  improved  equatorial  dial,  or  portable  obfervatory, 

7I.  17s.  6d.  to  — — 

Horizontal  fun  dials,  from  5s.  to  — ■ — 

Univerfal  ring  dials,  from  7s.  6d.  to  — , - 

Tranfit  irdlruments 

Agronomical  quadrants,  from  50I.  to.  — — 

Mathematical  and  Surveying  Inftruments. 

Cafes  of, drawing  instruments,  from  7s.  6d.  to  — 

Neat  magazine  cafes  of  inflruments  — — 

Elliptical  compaffcs  — — — 

Beam  compatTes  with  divifions,  Sec.  • 

Triangular  compalTes  of  a new  conftruftion 

Adams’s  fedtoral,  elliptical,  and  callipper  compares  in  one  inftru 
from  4I.  14s.  6d.  to  — — — 

Adams’s  protrafting  parallel  rules,  and  univerfal  plotting  fcale 
Protra&ors,  feftors,  feales,  parallel  rules,  &c. 

A new  inflrument  for  taking  perfpedtive  views,  Sec.  — 

A ditto  for  afeertafning  points  — — 

Another  inflrument  for  taking  views  — 

Parxtographer,  from  2l.  2s.  to  — 

Plain  tables,  from  3I.  13s.  6d.  to  — — 

Theodolites,  from  41. 4s.  to  — — 

A neat  portable  theodolite  — — — 

Adams’s  impro.ed  double  theodolite,  exceeding,  for  accuracy  and  utility, 
every  former  kind,  from  12I.  12s.  to  — — 

Meafuring  wheels,  from  61.  6s.  to  — — 

Circumferenter,  from  2I.  2s.  to  — — 
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Improved  eledlrical  machines,  from  3I.  13s.  6d.  to  — 

Eledtrical  machine  ar.d  apparatus,  in  a box,  from  61.  16s.  6d.  to 
Medical  apparatus  — • — — 

Eledtrical  machines,  with  a feledfed  apparatus,  in  a box,  fromyl.  7s.  to  31  10 

Batteries,  and  all  other  parts  of  an  electrical  apparatus 
Small  fingle-barrelled  air  pump 

Small  double  ditto  — — — 

A large  ditto  — ’ —■  - — 

Tableairpump  — — * — 

A11  improved  air  pump,  fuperior  to  Smeaton’s  conftrudtion  of  the  pump 
Apparatus  to  an  air  pump,  from  4I.  4s.  to  — • 

Barometers  — — — 

Ditto  — — — — 

Barometers,  thermometers,  from  3I.  3s.  to  — — 

Marine  barometers 

Thermometers,  in  mahogany  boxes,  from  il.  is.  to  — 

Ditto  with  Reaumur  and  Farrenheit’s  fcales 
Botanic  thermometers  — — — 

Thermometers  for  brewers,  from  12s.  to  — 

Hygrometers,  from  10s.  6d.  to  — — 

The  mechanic  powers,  comprifed  in.a  fmall  neat  form  — 

Ditto,  fitted  up  on  a larger  fcale,  with  improvements 
An  apparatus  for  making  experiments  on  accelerated,  retarded,  and  rotatory 
motion 

A mechanic  apparatus  fitted  up  for  the  purpofe  of  inftrudting  young 
people,  &c.  — — 

A pneumatic  apparatus,  fitted  up  for  the  fame  purpofe 

An  eledfrical  apparatus,  fitted  up  on  the  fame  plan  

A magnetical  apparatus,  from  2I.  12s.  6d.  to  

Condudtors  for  fhips,  to  preferve  them  from  lightning  

(_ . 

L •*  ... 

E R R A X A. 

Page  2,  line  15,  for  animalculae  read  animalcula. 

8,  — 22,  for  animalculae  . read  animalcula. 

375,  . — * 17,  for  eggs  read  chickens. 
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